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TO THE 




READER. 



iO faf my Thing m Prdife of the 
eitfumg ti-eatife, vere an At- 
ieiiipt at ntedlefs and imferti- 
nmt, as to write a Panegyridc 
on its Author. 'Tis enough that the Sut- 
jeS it Algebra ; and that it was written if 
Sir Ifaac Newton : Thofe who hior» a^ 
Thing of the Sciences, need not to be told 
the Value of the former; nor thofe wbt 
have heard any Thing of Pbilofophy and 
Mathematichs, to he infkuBed in the Praifet 
of the latter. If any Thing could add to 
the Efteem every Body has for the Analytick 
Art, it mujl he, that Sir liaac hiu conde- 
fcended to handle it ; nor could any Thing 
add to the Ofittioa the World has of that 
illujirioiu 



ii To the R E A D E R. 

iOuflrious Atahnr^s ^Merit^- bm that- he Jm^ 
written mtb fo muck Succefs onithat woH^ 

derful Subject i ; 

* . •• ' ^ 

^Ttr truey we' hnve'dlready a great many 
Books of Algebra, and one might ^ven fur* 
nifh a moderate Library purefy with Authors 
on that. Sub je3; : But as no Bodjh'^U imor^ 
gine that Sir Ifaac would have, taken th€ 
Pains to comfofe a new oncy ^had he not 
found all the old ones defe^ive ; foy it will 
be eafily aUow^dy that . nme was \ynore abiS^ 
than hey ] either to dif(iQver the Errors and^, 
Defeats in other Books ^ or to fupply and^ 
r§£tify them in his own. . / ^ 

« 

' 7he Book tvas original^ writ for the 
■private Vje of the Gentlemen' of Canihxidgty 
and TO? as delivered iri LeSiures, at the pub- 
Uck Schools, by tht Author, then' Ducafian 
Profejfor in that Vniverfit^, Ihtis, mi be- ' 
ing immediately intended for the Prefs, the 
Author had not profecuted his SubjeB Jojaf 
as might othermfe have been epipe6ied ', nor 
indeed- did he ever find Leifure to ' bving hu 
Work to a Conclujion : So that\itmufl be 
obferv'd, that aQ the Conftru^ions, both- 
Geometrical ani Mechanical, - which occur 

towards 



pflwwr^ *he^.Bfii of ther^ffok^ th mfyfervt 
for finding 4be fir^tmo or three figures if 
Roots ', ' fhe Author having here onfy givm 
us the ConfiruSlion of Cubick Mquations^ 
t'h^ he h^d a Defign to have added, a ge' ■ 
mral' Methdd of conflruWng Biquadratick, 
'^(k( 6ther -higher Powers , and to have par- 
^'iiula^^'fl^T^nif vphat 'Manner the of her 
'FigMfes of- Ruts jpeie to be extracted - In 
tfi^ ^ftfinijh*id ^aie it c^ntinu^d tiB the Tear 
'ijofi wfiefi'-Mr, Whiftbn,'^. the Auihoi^s 
Sttioeffdr [in thi' Liicafian Chair, confidering 
that if'tp^f ^ 'fmdil in Bitlk; and'yet am- 
•ph in MMter^y-mt ioh-r^uch crowded with 
Rules- and'' Precepts, ^ and jfet weD furni/b*d 
with chako' Examples, (ferving ifot onfy 
as Praxes ^n tht. Rulei, but As Jnfiances of 
the great Ufefulnefs of the Art itfelf ; and^ 
in jhort, every Way qualify d to conduSt the 
young Student from his firfi fetting out on 
this Stud^fX thought it Pity fo noble and 
ufeful a Wof% fhould be doomed to a College* 
Confinemefft, < and obtained Leave to make 
it Publickt : 2nd in order to fupply what 
the Autbof'hddJeft undone, fubjoyn'd the 
General and truly Noble Method of extra^* 
ing the Roots of ^qtations, publifi'd b^ 

Dr. 



V , - i --< 



a 1'othe RE ADEIR. 

Or. Halky in the Phllofopbieal TranfaSi- 
CS18, hming firftfrotur'd both thofe Gentle- 
mm' I Leave for Ms [o damp 

Js ti> the publrlhing a Tran/latim ff ttfy 
Sook, the Editor u of Opinion, that 'tis 
enough to excufe hii Vhdertaking, that {tub 
Great Men were concern i in the Original^ 
mil is perjwaded, that the fame Reafm- 
ipbith engag'd Sir Ifaac to tpriie, and Afri 
Whifton to publijb the Latin Edifion, viB 
kar him out i» puhli/hing this Englifli one : 
Nor will the Reader require any farther & 
vidence, that the Tran/lator htu done Juftict 
to the Original, after I have affitr'd him, 
fhat Mr, Baphfon and Mr. Cunn vert 
tfti smtcern'4 in this Tranjlatien. 
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Univef fal Arithmetick j 



OR, A 



TREATISE 



o P 



Arithmetkal Composition 
and Resolution. 



OMptJTAtlON is either perform^ l» 
Numlieis, u in Vulgar Aiithinetkk, oi by 
Specie*, as ufual antong Algebrsifls.llieyara. 
both built on the fame Foondationt, and aim 
at the iune End, vit.. Anthautki Definite* 
\j aiid Panicularlr, Algthrs Inde&iitely and 
UnivetfaUy; fo that umofi. ill ExprcIEoM 
tiat are (bund out by tbiiGiinputacion, and paiticidarly Con- 
dufioiu, may be cati'd Thttnmt. But AlgtbrM is patticulaily 
eJtcellcnt in this, that whereas in ^'(Aawtifi Queflions are 
only refolv'd ty proceeding from etven Qtuntitiu to ths 
Q|ai)titka foaghi; ^Igtir* procecib, in a mi^ftie Ocder. 




CO 

firom.the.Qiiantities fought as if they were givetl^ tdtfitf 
Qpan titles given as if they were fought, to the End that we 
. may foxne Way or other come to a Condulion or iEquatiop^ 
from which one may bring out the Quantity fouff,ht. Aqd 
after this Way the moft difficult Problems are refolv'd, the 
Refolntions whereof would be fought in vain from only com- 
mon Aritbmetick. Yet Arithmitieh in all its Operations is 
fa fubfervient to Algthrd^ as that tliey feem both bxit to ttiakc 
one pcrfea Science of Computing 5 and therefore I wiil explain 
them both together* , •, 

Whoever goes upon this Science, muft fiirft uliderfliandf tile 
Signification of the Terms and Notes, [or Signs] and learn 
the fundamental Operations, viz," Add'ttion^ Std>/ira£lion, Mnh' 
tiplicationj2LndDhi/wn; Extraction of Roots j ReduSfion of Fra^ 
RionSj and Radical Quantities -^ and the Methods of ordering tht 
Terms of t^^oftations, and eyterminatin^ the uninop^n Qttantt-^ 
ties J (wlicre tney are more tl^n one). Then let [tte; Learner] 
proceed to exercife [or put in Praftice] thefe Operations, by" 
bringing Problems to ^Equations ; and, laflJy, let him [leani- 
or] contemplate the Nature and Refolucion of ^Equations. 

■ * . 

V ■ 

Of the Signif cation of fome TTords mi NofeSk 

IRy Nuwher we underftand not fo much a Multitude of U- 
nitics, as the abftrafted Ratio of any Quantity, to another 
Quantity of the fame Kind, which we take for Unity, 

[Number] is threefold ; integer, frafted, and furd^ to which 
lafl Unity is incomalenfurable. Every one underflands the 
Notes of whole Numbers, (0, i, 2, 5, 4, «;, 6, 7,8, p)' and the 
Values of thofc Notes when more than one are jfec together. But 
as Numbers plac'd on the left Hand, next before Unity, denote 
Tens of Units, in the fccond Place Hundreds, in the third 
Pkce Thoufands, &c. fo Numbers fet in the firft Place aftejr 
tFuity, denote tenth Parts of an Unit, in the fecond Plac^ 
hundredth Parts, in the thiird thoufandth Parts, &c. and theft 
•are caird Decimal FraRions^ becaufe they always decreafe in a 
"Decimal Ratio ; and to diftinguifh the bitegers from the Deci- 
mals, wc place a Comma, or a F^oint, or a feparating Line : 
ThustheNumber 7:^2 L'(6p denotes feven hundred thirty tvr^^ 
Units, together with five tenth Parts, fix centefimaL or 
hundredth Parts, and nine raillefimal, or thoufandth rarti 
of Unity. Which are alfo written thus 732,^569; oir 
thus, 732.^69 ; or alfo thus, 752 L<^6g^ and 10 the Number 
571C4 20S3 fifty fevcn thoufand one hundred and four Units, 
. - • ' together 



i 
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4K)gethe]^ with two tenth Parts, eight thoufandth Parts, and 
three tqjn thoufandth Parts of Unity \ and the Nuoiber O1O64 
denotes fix centefimals and four miUe^mal Parts. The Nocea 
of Surds .and .framed Numbers are ifX. down in the ioliow- 
ing [Pages]. • . r 

. Wh^ thd Quantity of any Thing is unknown, or look'd 
ijppQ as indeterminate, fo that we can't exprefs it io Numbersi 
we denote it by fo;jic Sptcut^ or by fome Letter* And if w« 
c;9nfi(|cr known Quantities as indeterminate, we denote them, 
for Dlitin^on fake, with the ^itial {]or fbr^ier] letters of the 
Alphabet, as 4, bjC, d, &c. and the unknown ones by the fi« 
lialones, z^yy^x, &c. Some fubAitute Conibnants or great 
Letters for known Quantities, ajid Vowels or little Letters fox 
jChe ,^nknawn ones. 

Quantities are either Affirmative, or greater than ix>thing ; 
or Negative, or lefs than nothing. Thus in humane A&in, 
pcflemons or Stock may be called ^nuuivt Goods, and Debts 
nekoiive ones. And fo in local Motion, Progreffion may be 
caU'd aj^matiye Motion, and Regreilion negative Motion ; 
becaii^e the $rft augments^d the other 4h^nifhes [the Length 
of 3 the Way made. And after the Ctme Manner in Geome- 
jtry, if a Line drawn any certain Way be reckoned for Affir* 
mative, then a Line drawn the contrary Way may be taken 
for Negative : As if ^ B be drawn to the right, and 5 C to 
the le(c ; ^^d jiB be reckonM Affirmative, then B C Will be 
Negative $ becajiife fn the drawing it diminifhes j4B^ and re- 
dfjces JLt ejither to a ihorter, as y^ C^ or to none,* if C chances 
to fall jupon jth/B Point ^, or to a lefs than none, if J? C be 
longer thai^ ^B from which it is taken Ivide Fi^. i.] A 
negative Quantity is denoted by the Sign — ; the Sign 4- is 
prefi^'d to an affirmative one ; and :^ denotes an uiKertain 
S^gn, and + a icontrary uncertain one. 

In ^xi Aggregate of Quantities the Note -^ fignifies, that 
the Quantity it is pre&c'd to, is to be added, and uie Not^ — ^ 
that it is to be fubtraSed. And we ufually exprefi thefe 
Notes by the Words Plus (pr wort) and . Minui for UJs). 
Thus 24*3, Qr 2 more 3, denotes the Suni of the Nbmbers 
2 and 3, that is 5. And 5^*^, or 5 lefs^, denotes the Dif- 
ference which arifes by fubdu£^ing ^ from 5, that is 2 : 
And — 5-^3 fignifies theDifierence which arifes from fubdufi- 
ing 5 from 3, that is 2 ; and 6 — 1*|-3 makes S« Alfo4*^fr 
denotes the Sum of the Quantities n and ^, and 4—4 the Dif* 
{ier.ence which arifes by fubduding h from a ; and ^-^-f ^ %* 
niiiea thf Sum of that Difference, and of the Quantity r. 

B 2 $uppcfc 
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Suppofe if 4 be 5y ( 2^ and e 89 then d-^h will be y, an^ 
^— t 3, and 4--irl-r wiH be 11. Alfo W+^m is ^4, ancf 
jfc — 2^ — 1+?^ is 2t+4 ; for jt— i makes 2^, and ,—^14+34 
makes pi^ wnofe Aggregate, or Sum, is i(-f 24, iiod (b in 0- 
thers. Thefe Notes 4- and *^ are called Signs. And whei^ 
neither is prefix'd, the Sign 4- is always to be qnderflood« , 

MdtiplicMtim^ properly fo call'd, is that which is made by 
Integers, as feeking a new Quantity, fo many times greater 
than the Multiplicand, as the Multiply er is greater than Uni- 
ty ; but for waiit of a better Word Mdtiflianion is alfo made 
Ufe of in Fradions and Surds, to find a new Quantity in the 
lame Ratio (wliatever it be) to the MultifJicand, as the Mul-? 
♦^ tiplier has to Unity. Nor is Multiplication m&de only by 
abftroEl Numbers, but alfo by concrete Quantities, as by JLines, 
Surfaces, Local Motion, Weights, &c. as far as thefe n^y 
be conceived to exprefs [or involve"] the fame Ratio's to fonie 
other known Quantity of the ISme Kind, efteem*d as Unity, ' 
as Numbers do among themfclves. As if the Quantity A be 
to be multiply'd by a Upe oi 12 Foot, fuppo6ng a Line of 
2. Foot to be Unity, there will be proddc*d by tha|: Multiplii* 
cation 6yf, or fix times A. in the fame manner z^j£ A were 
to1)c multiply'd by the abftraft Number 6; for 6>^ is in the 
fahae reafon to A^ as a Line of 1 2 Foot has to a Line of 2 Foot^ 
And fo if you were to multiply any two Lines, A C and AD^ 
by one another, take A B for Unity, and draw B C, and pa- 
rallel to it D £, and AE will be the ProduS of this Mmti- 
plica<;/on ; becaufe it is to AD as AC^ to Unity A B, [vide 
fig. 2.] Moreover, Cuftom has. obtain'd, that theGenelis or 
Defaiption of a. Surface, by a Line iftoving at right Angles 
upon another Line, fhoi^ld be called the Multiplication of 
thofc two Lines. For tho* a Line, however multiply'd, can- 
not become ft Surface, and confequcntly this Generation of a 
Surface by Lines is very different from Multiplication, yet they 
a^see in tfiis, that theNuipber of Unities in either Line, mui- 
tiply*d-by the Number of Unities in the other, produces zx\ 
^hlbacled Number of Unities in the Sqrface comprehended 
under thofe lines, if fhe fpper^dal Unity be defin*d as it ufed 
to be, tri^,. a Square whofe Sides are linear Unities. As if 
the light Line AB confift of four Unities, and AC of thqree, 
fhen the Re^mglc AD wiB confift of four ias(it% three, or 
1 2 fquare Unities^ as from the Scheme will appear, \vidt 
Ftg. 3 3 And there is the like Anadogy of a Solid and a Pkv- 
diia made by the continual Multiplication of three Ql?anti- 
f ies. And hence it is, that the Words to rffnUiph i^^9 ^^ 
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CviteMtj a RiSdH^kj a &MMrr, a OAe, a DiMni^ a Ssk: 
and the like^ which are Geometijcal Teniit,ai€ made Ufe or 
in Arithmeucal Operations. For by a S^mtn^Un ieB^mtUf 
or a Quantity oF two Dimenfions, we do not alwaya wder- 
fland a Sutfade, but moft commonly a Qjiantity of fome other 
Kind, which is produced by the Multiplication of two othei 
Quantities, and irery ofttti a Line wmch is ptoduc'4 by the 
Multiplication of two other Lines^ And fo we call a QAtf 
or P4r4Uel9[npedy or a QiMntitj of three Dimen/hns^ that wUdi 
is prbduc'd by two MultiplicatkmSf We fay likewiie the Side 
for a Jltcty and ufe DiKerf in iMtin inftead of Mtdtiplj i auxl 
fo in others. 

A Number pre&'d before any Species, denotea that Speciea 
to H fo often to be taken ; thus 2d denotes two m\ ^b three 
Fs^ i^x fifteen ^r's. Two or more Species, immediately con- 
neded together without any Sgns, denote a Piodufl or Qpaii- 
tity made by the Multiplication of a]] the Lttters together. 
Thus 4^ denotes a Quantity hiade by multiplying a by b^ and 
4Ax denotes a Quantity made by multiplying a by b^ and tha 
Produd again by x. As fuppofe, if a were 2^ and b ^, ai^ 
X s^ then 4t wrald be 6, and iifx 30. Among Qjiantitiea 
multiplying ont another, t^ke Notice, that the Sign x, or 
the Word by otint$^ is made Ufe^ of to denote the Produ^ 
fometimes } thus j X 5, or 3 by or into 5 denotes 15; but the 
chief Ufe of thefe Notes is, wh en compound Qu antiti es are 

|RuItip]y*4 together ; as if y — 2b werf to multiply y-^-b ; the 
Way is to dnwi^'a line over eac h Qp antity, and then write 

them thus, 7— it into f-^t, or^i-^aft X y-^-L 

IXzn/wn is properly tnat which is made Ufe q{ for integer 
or whole Numbers, in finding a new Qciantity fo much left 
than the Dividend, as Unity is than the Divifinr. Sot be* 
caufe of the Analogy, the Word may alfo be ufed when a 
new Quantity is fgught, that ihall be in any fuch Raijo to the 
Dividend, as Unity has to the Divifor, whether that Divi« 
for be a Fradicx) or furd Number, or other Qoantity of a- 
n^ other Kind. Jhm to divide the Line ^£ by the Line 
ACj AB being Unity, you are to draw ED parallel to CB^ 
and A D will be die Qfiotient, [tdde Fij^. 4.} Moreover, ic 
is caO^d Divifionj by reafon of the Similitude [it carries with 
it] when a Re^Sai^Ie is divided by a given Line as a Bafe, 
fii ordor thereby to know the Height. 

One Quantity below another^ with a Line interpos'd, de- 
nptea a Quotient^ or a Q|anthy ari&ig bj {he Division of 



t}ie upper Qjuntity by the lower; Thtis 4 denote;^ a Qp^r 
titjr arifing by dividing 6 by 2, diat is 3 ; and f a Quantity 
ruling by the Divifion d£ ^ by 8^ that is one eighth Bart o^ 

|the Number 5. And ^ denote^ ^ Quantity which arifes by 

dividing 4 by t j ^ fiipppfc /^ was i^ i^d !» 3, tjien -- woul4 

denote 5. likewife thus ■ denotes 9 Qusujti^ ^}6^S 

by dividing 4^4^{» by d'\'X ; and fo in others. 

Theft Sc^tf of QpaoritW ^ caWiecJ Fr^Siotffp 9fid ^hc up- 
per Part is calVd by the Name of the NuimriUtnr^ ^d the 
Ipwer is calPd thp Demmndtor. 

Sometimes the Divifor is fet before the divided Quantity ' 
[or Dividend] and feparated from it by [a Mark rambling] 
an Azch of a Circle. Thus to denote the Qiiantity which a^^ 

rfles by dje IXvifion of — — ■ by ♦— t, we irate jt tjju*. 

Altho* we commonly denote Myltiplication by the imij^e^ 
diate Conjunfiion of the Quantities, yet an Intqer, [fet] be? 
fpre a Frafiion, delate; thie Suip of both ; thi^ 3 f denotes 
three and a half. 

If a Quantity be multiply'd by it felf, the Number o^ , 
FaEls or Produ6^s is, for Shortnefi fake, fet at the Top of th^ 
Letter. Thus for 444 we write 4^ for 4444 4\ foxM4444 4\ 
and for 44abb we write 4'tt, or 4'^ ; as, fuppofe if 4 were 
5 and i be 2, then 4' will be 5X«5X< or 125, and 4* will be 
^y^x^x^ or 625, and4^i» will be ^X«;X5X2X2 or 500, 
Where Note, that if* a Number be wntten immediately be- 
tween two Species, it always belongs to the former ; tl]us the 
Number 3 in the Quantity 4^hb, does not denote that hh is to 
be taken thrice, but that 4 is to be thrice multiply'd by it felfi 
Note, moreover, that thefe Quantities are faid to be of fo 
many Dimenfions, or of fo high a Power or Dignity, as they 
confift of Fadors or Quantities multiplying one another ; and 
the Number fet [on forwards] at the top [of the letter] i$ 
called the Index of thofe Powers or Dimenfions ; thus 44 is 
[a Quantity] of two Dimenfions, or o{ the 2d Power, an4, 
4^ of three, as the Number 3 at the top denotes. 44 is alfq 
call'd a SqMTtj 4' a Q»tf, 4^ a [Biqtuidrdte^ox] fqudreiSqudre^ 
4^ a QiMdrdtO'Cuhi^ 4* a Gih^CiAe^ 4' a QH4dr4tihQH4dr4t9^ 
Me^ [or S^mtrei-Sqma^i Cnbe] and fo on, N. B« Sir I&ac 
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humbere uhn any N^t of tht more fmdm$ VIktf nf exptef- 
png theft PtmrSj hy cdBing tie RMj or a, the firfiler jifplel 
Ptmtr^ a* tbefeeond Fewer y a^ the mrd Pwer^ &c.. Aiid cfa« 
Qpantity 4, by whofe Midtiplication by it felf thefe Powers 
^e genetatJed) is called thtir Rm^ vi«b it h the Square Root. 
of i(he Square 44, the CAbe Root o^ the Cube dsd^ 8cz. Bo( 
wliefi a Root, inultij:3y'd by it felf, produces a Squaie, and thai 
Square, multiply'd aga&i by the Root, jpfoduces a Cube,C^r. ic 
wiH be (by the Dennition of Multiphcad[on) at Unity to the 
•Root ) fo that Root to the Square, and that Square to the 
Celbe^&c. and confequently the Square Sioot of* any Qjiand- 
'ty,wij] be a mean Proportional betweeif tJnity and that C2tian-^ 
tity, and the Cube Root the firA of tvro mean Pioportionalt, 
aiid the Biqu^dratick Root the &fl of three, and fo on. Where- 
i&si Roots iMve thefe twoPropafties or Affe£lion)iy fir/t, that 
by multiplying tbemfelves they produce the fuperior Powers ; 
jdly, that they acte mean Proportionals between thofe Powers 
and Unity. Thus, 8 is the Square Root of the Numbei: 64, 
and 4 the Cube Root of it, is hence evident, becaufe 8x§, 
and 4X4X4 make 64, or becaufe as i to 8, fo is 8^ 64, 
and 1 is to 4 as 4 to 16, and as 16 to 64 ; and hence, if the 
Square Root of any Litie^ as AB^ is .to* be extraSed, pro ioce 
it to C, and let 5 C be Unity ; then upon A C defcsibe a Semi, 
ckcle, and at B ^red a Pcrpcndfcuiar, occurring to [or meet- 
ing] the Circle in D ; then will fiD be the Root; becaufe ic 
is a mean Proportional between AB and Unity B C, \viit 

To demote the Root of any Quantity, wfc ufe to prefix this 
Note y for a Square Root, and this V^ if it be a Qibe Root, 
and this -V^ for a Biquadratick Root, . &c. Thus V 64 de^ 
no^ 8, a^ V3:£4 denotes 4 ; and y^ati denotes a ;' sind Vax 
denotes the Square Root of 4;c ; and 'Viy.^xx the Cube Root 
of ^4xx : As if 4 be 3 and x t.2 ; then Vnx will be Vjfi, or 
6 y and V^^^xx will be 'Vy\'j2%, or 12. And when thefe 
Roots can't be [exaflly] femd^ or extrafted, the Qsuntities 
iarecall'd Sm-ds, as -Vax ;^ or 'Iwrd Nnmbersj as V12. 
. There are fome, ttat to denote thd Square c^ firff Power, 
make Ufe of ^, and of c for the Cube, qcf for the Biquadrate, 
atAqc for the Qpadrato-Cube, &c. After this Manner for 
the Square, Cube, and Biqpadratc of-4, they write Aqy Ac^ 
Aqqy &c. and for the Cube Root of abk — x'^\ th^y write 

-VciAhlh^}?. Others make Ufe of other S<jrts of Notes, but 
they are now almoA out of Fafluon. '^ . . 

' tlie 
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tte Maik X«tiieSign] t-* figni^ek, that the Quantities oil 
bichSideof it axe equij. Thus xszb denotes a: to be equal 
to K . 

The Nbtr :: ianifies that the Qtaantities on both Sides <C 
it are PtoporticMiaL llius 4.b :: t.i fignjifies, that 4 is to ^ 
[in the fame Propottion] as r to <f ^ and 4*b.e :: ad.tf fig- 
iiifies that ir, >, and r, ate to one another refpeflively, as c, i^ 
ftnd f, are among themfelves j ot that 4 to ^, i to d^ and p to f, 
axe in the fame R^ith. taflfy, the Interptetation of any 
Marks or Signs that may be compounded out of thefe, tyUt 
caffly be known by the Analogy [they bear to thefej Thu» 

i 4> W denotes three qaarte^ of 4'**, and 3 ^ fignifies tKrictf 

— , and yVax feven times V^ijf. Alfo -7 ^ denotes the Pio<^ 

in& of ^ by- 5 and ---^— t^denotes the ProduQ made bf 

multiplying fc* by -^ > that is the Quotient arifing by; thK 

'Divillon of %eehy 4^ge; and —y hat, that which 'is 

made by multiplying V4;r by ~, and ^— ? the Quotient a^ 

rifing by the Divifion of ^^4X bjr ^ j and , S^Vc^ ^^ 

24+f^^^ 

Quotient arifing by the Divifion of %a^cx by the Sum of the 
Quantities 2A^Vcx^ . An4 thus ^^^ denotes the Quo* 
tient atifing by the EMvifion of the Diffetcnce -xaxx-^x^ bif 

the Sum a\x^ and '^ ^ ^^ ^^^^ j denotes the Root of that 

a\x 

Quotient J & 244-2^ ^!f^^"^f . denote* the fiodufii: of the 

■ A^xx 

Multiplication of that Root by the Sum 24+ Jr. Thus alfo 

V^Aa-^hh denotes the Root of the Sum of the Quan* 

titieg \ aa and ii, and |/a7TvT*» , /, - , , « 

' ' r I'^+^i^'^+^fr denotes the Root 

of the Sum of the Qi^tities i 4 and f^hM+bb^ and 
—;:: K^^I^JM-Jrbb denotes that Root multiply'd by 

;, and fo in other Cafes. 

But 



But note, that in Complex Quantities of this Na- 
ture, tlKre is no Neceffity of giving a particular Attention 
to, or bearing in your Mind the * ij^nifi:ation of each 
letter ; it wfll fuffice in general to underfland^ e. g. that 

f^f 4+/f rf44-Jt"fignifics the Root of the Aggregate [or 

Sum] of f4-+K^44+i^i, Mfhatever that Aggregate may 
chance to be, when Numbers or Lines are fubftituted in the 
Boom of Letters. And thus [it is as fufficient to undcDfbnd] 

that Ll^fA^^itk figpifies the Quotient arifing by 

the Divilion of the Quantity f^k^^/T^i^^ by the 

Qiantity .4 — <• V^4^, as much as if thofe Quantidea vtrc 
fimple and known, though at piefent one may be igno- 
rant what they are, and not ^rve any particular Attention 
to the ConHitution or Signification of each of tl^r Faits. 
Which I thought I ought here [to infinuate or] addioniih, 
lead young Beginners ihould be fnghted [or deterrt}] in the 
wry B^imiing^ hf the Complexnm of the Terms. 

Of A 1> D I T I O N. 

THE Addition of Numbers, where they are not com- 
pounded, is [eafy and] manifeft of it felf« Thus it is 
at firfl Sight evident, that 7 and 9, or 7+9, make 16, and 
J I "{-1 5 make 26* But in [longer or] more compounded 
Numbers, the Btifineg is perform*d by writing the Numbers 
in a Kow dbwawards, or one under another, and fiogly coI« 
Ie<5^ing the Sumf of the [jefpefiive] Columns. As if. the 
Numbers 1357 and' 172 are to be^ added, wntc either of 
them (fuppofe) 172 under the other ij^^T, fo that the U- 
nits of the one, t/i&. 2) may exa^ly Aand under 
the Units of the other, vizi. 7, 'and the other Num- 1557 
Bcrs of the one exa£lly under the correfpondent 172 
onesojF the other, •w«». the Place of Tens under • — ^-» 
Tens; vbu. 7 under 5, and that of Hundreds, viz*, i, 1529 
under the Plaoe of Hundreds of the other, viz*. 3^ 
Then beginning at the right Hand, fay, 2 and 7 make 9, 
which wirite.ytiderneath • alfo 7 and 5 make r 2 ; the laft of 
which two Numbers. vU. 2, write underiieath, and referve 

C m 
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in your Ktoiid the other, viz.. i , to be added to the two ntxt 
Numbers, viz». i and 3 ; then fay i and i make 2, which 
behigaddedto 5 they tnakec;^ which write underneath, an4 
there will remain only i, the firfl Figure of the upper Row 
of Numbers, which alfo muft be writ underneath j and then 
you have the whole Sum, z/i«,. 1529. 

Thus, to add the Numbers 87899+ ^4^3 4" 885+1 920 
into one Sum, write them .one under another, fo that all 
the Units- may make one Column, the Tens another, the 
Hundredths a third, and the Places of Thoufands a fourth, 
and fo on. Then fay, 5 and 3 make 8, and 8+9 make 
17 5 then write 7 underneath, arid the i add to the next 
Rank, fayii'vg i and 8 make ^, ^ -f- 2 mak^ % t, and 11+9 
makes 20 ; and havirrg writ the o underneath, 
fay again. as before, 2 and 8 makes 10, and 10 87800 
+.9 makej9, and 19 + 4 make ,23j and 23 1L02 
+ 8 mike ^.i ; then referving 3 [in you^ Memo- 1020 
ry] write down i as before, and fay sigain, 3 g^ 

+ I make 4, 4 + 3 make 7, and 7 + 7 make ^^ 1 

14, wherefore write underneath 4, and laftly fay^ 11 41 07 
I 4" 2 make 3, and 3+8 make n, which in 
the laft PJace write ddwn, and you will have the Sunt 
of them all. ' 

After the fame Manner we alfo add Decimals, as in the 
following Example may: be feen : 

^30,95? 
.. 51.0807 

p87,3037 

Addition is performed- in Algebraick Terms, [or Species] 
by conn^iiing the Qpantities to be added with their proper 
Signs '; and moreover, by uniting into one Sum thofe that can 
be fo united. Thus 4'and h make a-^ bi a and — t make 
a — hi — 4and*-<-27 make —4 — h\ 74 and ^a make 
74 + 94; — aVac and b-^ ac make -t^a'V^c -^bVAC^ 

or hVac — A\/ac ; for it is all one, in what Order fo- 
cver they are written. 

/flirraative Quantities which agree in [are of the fame Sort 

ot } Species, are united together, by adding the prefix'd Num- 

. "bers that are multiply *d into thofe Species. Thus 74 + 94 

make 164. And iitc+156^ make 2&1pc. Alfo 3 

If 
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+ 5- make 8- ; and 2/^4^4^ 7^4^ nuke ^f^ae; and 
c c 

SVab — XX + jVah'^xx make i^^Vah ^^ xx* 
And in like manner, 6^ 3 •+• 7V3 mikc 13 V 3. More- 
over, A'V ^c -j- ty^r make 4 -|- t Viic, by adding toge- 
gcther d and i as Numbers multiplying V 4 r . And fo 

54+ 3<:f^:}4yjr^^^ becaufe i^ + 2c and 24 make 

54 + 3r. - .. • 

Affirmative Frafltons, that have the fame Denominator,' 
are uiiuted [or added together] by adding their Numera- 
tors. Thus f + I make f, and ^ -f ^ make -^^^ 

and thus r^-^— + -^^^^— ^- — make —^-^ — - — , 

24-+ Y<^^ 24 4- yc* 24'\'ycx 

. aa bx , da A-hx 
and — -J make . L-^— . - 

c ^\ ^ c . c 

Negative Quantities aie added after the fame Way as Affir- 

mativ^. Tht» — 2& — 2 make — < ; — - ,- & ; — 

■' b 

make i— -1— ~ j^— 41/4 at and -^ ty4A* mal^e — 4 — t 'Vax* 

k 
But xvhen a* Negative Qp^i^^ify is to be added' to an Affir- 
mative one, the Affirmativemuft be diminifh'd; by a Nega- 

tivc one. Thus, 2 and r— 2 make i ; — z — and — -, - 

' -^ • b b 

make — ^^^ \ — aV ac aildtV^c make h—aVAc. And 

b 
note, that when the Negative Qi^antity is greater than the 
Affirmative, the Aggregate [or Suin] will be Negative. Thus 

, , , * wax y ±ax , jax 

2 and — 2 make. — i ; — — ; — and -i-— make — ' - 

^ ' If b b 

,1 

and 2 y4f and —?7V4r make — <^Vac. ' 

In the Adiijion of a greater Number of Quiutitics, or 
pprc compounded ones, it wil^ be conveiiieiic toobferve. 

C 2 the 
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. the [Method or] Form of Operation we have laid down 
above in the Addition of Numbers^ As if 174 jt — 144 
-;f 3, and 4.4 4" 2 —-844:, and 74 — 9^^, were to be 
added together, difpofe them fo in Columns, that the Terms 
that contafli the fame Species may ftand in a Row oqe un- 
dtir another^ vIk. the Numbers 3 and 2 in one Cojumn, 

the Species — 144, and 4 d^ and 7.4, 
T- ^ *. T ^ ^ J. «• i" another Column, and the Species 

174* — I44t? _j o j 

— 84;r+ •I44-2 ^7^^* and~8 4Ar. and — p^^r 

^•'-^MX 4- 7 4 ^" * ^'^^'^^ ' ^^'^^ ' ^^^ Terms of 

'—r -^ each Column by themfelves, faying, 

if- —3^-1-5 2 and 3 make 5, which 1 write im- 

demeath, then 7 a and 4 4 make 1 14, 
and moreover — 144 make-— 34, which! alfo w4tc under*" 
neath j laflly,^ — ^ 94A:,and — %ax make <i^ 17 4 at, to wiiich 
174 AT added makes o. And fo the Sum comes out —-34 
^ 5* After the fame Manner the Bulinefs is done in the 
• following Examples : 

12X + 74 iihc *-^7V^c '±4ix . ■ , , I 
yx ^ 9d i<^hc + 2V dff "^ ^ h 0^3 + -^ 

ipx+164 26bc'^W4c 114X , % 

— -* ^ 

JdX , 2 



^^-r,^ 44'»4'245*— — 



5Af' ~6^;ir -I- ^Af ^ 2rfyjr — 4 44jf 4* 4' 

7^ M2dyj^^ddy 



5Ar* + 24;r' 

^ 3A.*^ -^24^^' + 8f 4' ^dd-^- XX 

— 2^^^ + 5^^' — 204* ^dd^-^XX 

'^' 



■ ■ ■ - m .. . ^,. - . 
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0/ Subtraction. 

TH£ layeDUon of the Diffei^ of Numben [that axel 
not too miich compounded, k of ic ielf erident ; as ir 
you take 9 firom 17, theie wiU leoiain 8« Bat in more 
compounded Numbers, SubiraSion is perfivm'd by fablcrib- 
ing [or fetting undemea^T the Subtratiend, and {vbtnStipg 
each of the lower Figures nom each of the upper ones. Tlius 
to ibbcraft 65545 fiom 782^79, having fubfcrib'd 63545, 
fay, 5 from 9 and there remains 6, whlcn write underneath; 
then 4 from ^ and there remains 5^ which write, like wife 
undettcath ;tnen 5 ffom 5 and there remains nothing, which 
in Bk manner fet underneath ; then 3 comes to be taken 
firpm 2, but becaufe 3 is greater [than 2] yog mufl borrow 
I firom the next Fiaurc 8, which fet down, together with 2, 
makes 1 2, &om whidb 5 may be taken, and* there will re* 
main 9, which write likewife underneath ; and then when 
befides 6 there is alio 1 to be taken from 8, add the f to 
file 6, and the Sum 7 [being taken] &oq[i 8, there wiU be 
jeft T, which in like manner write undernea^ 
Xa/Uy, when in theloMrer [Rank] of Numbers 782579 
^im% xemaifiB nodiing to be taken finsm 7, write 63543 
undenieaA the 7, mid fo you have the [whole] "TTTTIT 
DiSenence 719036. 7'9^5^ 

But e^cial Care is to be taken, that t!he Figifres of tlie 
S)ibtrahei|d be |j)lflk:*d] or fubfcrib*d in their [proper or] ho- 
mogeneous Places ; vh[»* the Uniti of the <3rne undec the U« 
nits of the other, and the Tens under the Tens, and likewife 
the Decimals under the J[>ecimals, 0^. aa we have fiiewn in 
i^ddition. Thus, to take the Decimal 0,63 from the lnte« 

ger547, tl^are not to be difpos'd thus ^'^I, but thvt$ 

o 6v ^ ^^ ^^ ^^ ^'*» which fupplics the Place of (J- 
nits in the Decimal, fuuft be plac'd under the Units of the 
Mother Number. Then o being undcrftood to ftand in the 
empty Places of the upper Number, fay, 2fix>mo, which 
iince it cannot be, i ought to be borrowed from the foregor 
iiig Place, which will make 10, firom which 3 is to be taken, 
and there remains 7, which write underneath. TJiea tlwt 
•i which was borrowed added to 16 makes 7, and this ^s to 
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be taken from o above it ; but fiiice that can't be, you moll 

again botrow i from , the foregoing Place to make lo ; then 

7 from 10 leaves 3, which in like manner is to 

be writ underneath ; then that i being added to o^ 

makes I, which i being ta]i;en from 7 leaves 6, 

which agani 'write underneath. Then write the 

two Figures 54 (iince nothkigrcfmains to be taken 

. from Uiem) underneath^ and you'll have the 

R^maind^r 546,37* , 

For Exercife fake, we here fet dgwtj foijie' njpBe Exaoif 
pies, both in Integers and Decimals : , ^ 



547 



1673 
132 



1673 , 458074 3W2 

1580 . p205 1 4*3 2 



46,5003 

• ?.078 



308,7 
25^74 



?3 44886^ •' 21,4 43,4223 282,96 



' If a greater Number is to be taken from a Icfs, you muft, 
firft fub^raft the Icfs from the gteatef, ^id th^n prefix a ne- 
gative Sign to it. As if from 1541 you. are to fuhtra£l 1673, 
on the contrary I fubtraff 1541 from 1673, ^"^ ^^ ^^^ H^* 
mainder 132 I prefix the S^gii .^. , . ., ," 

In 'Algebraick Terms,)'t SubtraSioHt is »pcrform'd by con- 
nc£ling the Quantities, after hs^ving chang'd all the Signs of 
the Subtrahend, and by uniting thofe together, which can be 
united, ,a& we^bave done in Addition. /Xhus -V74 ffom 
+ pa leaves p4 •< — 7 '4,^ 2a ; — y» friOT +94 leaves 
-h 9<< + 74, or j^4y -f 74 from. — ^ 94 leaves — 94—74, 
or ^164," and .-*- 7 4 from «7-94 kaves r-94 + 74, or 

4 4 4'" '• ■ * ■• 

— 24 ; fo 3— from 5— leaves 2-i'yY4c from 2^4^ leaver 

e ■ e-.. • e 

'^W4C9 -from, —leaves 2.. ;— xj from -leaves-: 
. P 9 9 7 7 7 

84\^cx n' — 174/^^: 



' ---T— from -^-r- leaves -^^— 5 



24 



+ t/i 



from 



rjc 



from —2 leaves' — 



24+ -/f^ 

'44 



4 — J 



• — 254l/fA' 44 

leayea "^ — -*r-r- 1 -^" 

24 -f vfji: ■ ^\ ■ c , . ' e ' 

from 24 +t leaves 24 + t — 4 + ^ or 4 -hat 5 24?:, 
•— a* + 4c from 34^, leaves 34jc*— 345. -f- ?-«.— t^r, 

or 
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Or z»z,^-^Mc .: tiom — leaves 

' r 4 c 

4d+ db — 244 4"4fr — aa-i^dh 



^ pi> ^ and* 4 -^ xVdx 



c . ' ^ ., 



fiom 4 + AT '/4;r leaves d-^-x — 4 + 4f V4;r» or wVdXj 
and fo in qtheis* , But where Qiantipks confift of m>Vi 
Terms, the Operation may be m^qj^^^l as in> Numt)|er;i} as iif 
the following Examples : 

i2;r + 74 i\hc^2Vdc %x^ + ^x 

7x + f^a •— iibcj+_7V4c \6fiJllij^;_ 

5^^ — 6xx + ^x 



5;c— 24. 26bc' 


— 5V4f 

• 

1 


•^'- ^3 ^ ^. 






Qf M U L T I P L I C A T I O N, 

• 

NUMBERS which arif^ £or arc produced] by the Mul- 
tiplication of any two Numbers, not giteater than p, 
ate to be learnt [ahd retaifi'd] in the Memory : As that 5 
into 7 makes 35, and that 8 by p mstkes 72, &€. and then 
the Multiplication of greater Numbers is to be performed af- 
ter the fame Rule in thefe Examples. 

If 7P< is ito be raakipl/d by 4, write 4 underneath, as 
you fee here. Then fay, 4 into 5 makes 20, whofe 
laft Figure, vit, o, fet under the 4, and referve the 
fofrmer 2 for the next Operation. Say moreover^ ^^"^ 

4into 9 makes 36, to which add the former 2, and ^ 

there is made r^S, whofe latter Figure 8 write un- 3*8o 
derneath as before, and referve the former 3, Laft- 
ly^fay,* 4 into 7 makes 28, to which add the former '5 and 
there is made 31, which being alfo fet unJemeath. you II 
have the Number 3:1 80, which comes out by multiplying 
the whole 7P«5 by 4. 
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MottCfHt^ if ^4^b|etd be mdctply'd 1^2305^ mite 
dthcx of them, viju 230^ under the otter 0043 ^ before, 
and multiply tnc upper j>043 firft by 5^ aiter the Mamiex 
ihewn, and there iviBcodie out 45215 ; then 
by o, and there will come out oooo ; thirdly, 
by j^ and thcw will come out 2712^ ) t^^Jj f ^2 

by 1», and there witt come out l8cSd» Then -~^> 

'dil|)afe thefe Nund^ersfe coming out ki a db- 4521$ 
fcending Scries^ [or under one another]] fo diae 0000 
the laft Figure otevery lower Row (haU ftand H^i^^ 
one Place nearer to the left Hand than the laft ^^^ 
of the next fuperior Row. Then add aH thefe 208441 15 
together, and there will arife 208441 r 5, the 
Number that is made by multiplying the whole ^43 by 
the whole 2305. 

In the fame Manner Decimals are multiply'd, by Integers^ 
or other Decimals, or both, as you may .fee in the following 
Examples : 

72,4 so,i8 5^2^ 

29 2,75 0)01^2 

6516 25090 78050 

1448 35126 117075 

• 2Q9p,6 'QQ3^ . 3P02S_ 

13779950 0,05151300 

But note, in the Number coming out [or the Produft] fo 
many Figures mqil be cut off to the right Hand for Decimals, 
as there are Decimal Figures both in the Multiplyer ana 
the Multiplicand. And if by Chance th^e are not fo many 
Figures in the Produd^ the deficient Places muft be filFd up 
to the left Hand with o'», as here in the third Example, 

Simple A'lgebraick Terms arc multiply*d by multiplying 
the Numbers into the Numbers, and the Species into tne 
Species, and by maldng the Piodu6^ Afiirmative, if both 
the Fa£lors are Affirmative, or both Negative ; and Negative 
if otherwife. Thus 2 a into 3 1, or — .. 2 4 into — 3 1 make 
6dhr or 6^4 ; for it is no Matter in what Order they are 
plac'd. Thus alfo 2d by. — tjt, or •— 24 by :}fr make 
«^di»I^ And thus, 2ac into Shc'c make i6dbccc^ ot 
idabc"^; Siudyaxx into — - i244;K'A: make— •8A4'Ar'*| 
and — 16^;^ into 5147^ make •—4964^7'*; ana — 4% 

• into 



Ci7 3 

into -^3 y4t> make i2« VaK». And fo 3 into -^4 toaHat 
•— 12, and — * 3 irtto — 4 make 12. 

Fradions are multiply^d, by n^ultiplying their ^llIIIlefa« 
tors by their Nomeraton, and their Denominators by their 

Denominators : thus — into ^ make — : and r into -r* 
iHake r^ ; and 2r- into 3 ^ make 6 + r^-f T> .^ ^ rj J 

and 2_/ into • ; , ■ make — -1 — ^; and — -^ 
2** 4fr* .8*^ r 

into — 2 make — : and-r^? into ~ je'make 

v^Ar\ Alfo 3 into ~ make -, as may appear, if 3 le te« 
duc'd to the Form of a FraSion, x^. J, by making Ufe of 
Unity fi)r the Denominator. And thus ' ^ ■ ^- ' . into 

!24 make ^ • Whence note by the Way, diat — 

and --b ate the fame : as alfo . — :^, aod ^^fc^.alfo 

t C € ^ € 

^ and Vcx^ and fo in others. 

4 d • •• -^, 

Radical Quantitifes of the fame Denomination -(that is, if 
they are both Square Roots, or both Cube Roots, or both 
Biquadratick Roots, &€.) arejnultiply d by multiplying the 
Terms tqsether [and placing themQ under the fame Radical 
Sign. Thus ^/^ into V< makes Vi^ ; and the Vdh^ into 
Vci makes y^Abcii and V^^^yj into ^"^jdyt, maket 

y'2<44t'fc; and V~ into V V- makes V-— , that it 

^ ^ it ««iMv^aaaaaB« 

t — 5 and 2^V^*» iJito 3(Y4& makes 64^V44ftft. 

e . 

that IS 644(«; and ^-7— into -; makes , 

VAC Y^c '; Vdacc 

D that 



^M«B^aMtaM<ii^B«i**MMMiMiiiBMaaMiiirt<ha^^^n**^MartM««ta 



t St9 tbt Chdfttr of Notatiost. 
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that IS ; and -*-* tnto — ^ 2 — loati^ 

ltid.vV\^tbex 

(Juantftics thsft coniiff oFfeveral Parts, art multiply'd bf 
mulriplying 3JI the Parts of the one into aB the Parts of the; 
bchcTf ia? ia flle^f n in the Mnftlplkatton of NunAers* Thtr^ 
c^^x into 4 makes ^i*^ax^ and 44 + 2 <«r -— tc into 
4'^ I fitakei 4^ + 244c»***44fc — 3ijir-f itr, • I*<w 
44 + 24C — fcff into* — t makes -^rf4t — 24rfc -Utr^ 
and intoW makes 4' 4* 244c — 4 Jr, tha Sam whereof iff 
4'+ 24i< —44^ — 3 4£f -f^ {i^T. A Specimen of thia 
Sort of Multiplication, together with caher like Example^ 
S6t have urtdemeath i'" 

I- 

4 — b 4 4" ^ 

— 44**-'aj4<^V + tfrr """^ 3r+TJ 

*4'4* 244^ — 4tr 44 + 4t 

#^-^ fc44C*— >4fr— 3^4ir^ *+ frfr^ ^ 44 4*24t+*W 

4j— t yy — 247 -f ^4 



» I ■ > • I 



* • J 



f ■ - : ' c 

iaxg/abb dab 



-* -c^ . c e 
3 



6ddX //4^ 



'6ddx 



c 



^ //^^ 1 24;ir g/abb ddb 



ty 
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r . 

0/DiVISIOM. 

T^I VI SION is pcrform'd In Nmnbcfs, by feeding how 
If many times the piTifor is wtmind in the OlviJcnd, 
Sla 2^ often fubtrafting, and writing fo many Units in thfc 
Quotient ; and by repestting that Operation upon Oxafion 
as often ai the. Divifor can be fubtr^de^; Thus, tp (;livi(fe 
63 by 7. feck how many times 7 is contain'd in ^3, an^ 
there wffl come Out precifely 5? for the Quotient ; and ronfe- 
qucndjr V is eg[ual to 9. Moreover^ to divide 271 by 7 
pre^ die Divifor 7, and beginnin;; at the firft Figures oi 
the Dividend, coining as near them as ^0i- 
iblc, fay, how many times 7 is contained in \ ^- , 
27, and yotffl find 5 ; then writing ^in i^ 
tad Quotient, fubtrad 5 X 7; or 3^, firpm 57, ii- 
and there will reaisun 2/ to wtijich fet the ^' 

laft Figure of the Dividends Zf/^- i ; and _Ji - 

then 21 will be the remaining Part of the Di- O 

videndfoc the next Operation ; fay tlierefore 
as before, how many times 7 is contained in 21 ? qnd the 
Anfwer will be 3 ; wherefore writing j in the Qioticnr, take 
5x7, or ai, from 21 and therif \vill' remain 0. Whence it 
is manifeft, that 53 is precifely the Number that arifes fipm 
the Divifion of 371 by 7. 

And thus to divide 47P8 by 
2?, firft beginning with the ini- . ^v ^^q- o ^ o^ . 
tiil Figures 47, fay, how many 23)47»(m8^B5,«:c. 
times is 23 contain*d in 47 ? ^n- 4 — 

fwer 2; wherefore write 2 in the '^ ^P 
Quotient, and from 47 fubtra^t o^ 

2 X 23, or 46, and there will re- 198 

main i, tp which join the next 1S4 

Number of the Dividend, viz.. I40 

p, and ypti'll have ip to work |^g 

upon next. Say therefore, how ^-^^ 

many times is 23 contain'd in *^ 

XP ? Anfwer o ; wherefore write S2^ 

O in die^Qpotient ; and from 19 200 

fubtrad 'o X 23, or o, and there £84 

remains ip,to which join the laft i6d 

Number 89 and yoa*ll have ip8 ^ 
to work upon next. Wherefore 

D 2 .in 
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in the laft Place fay, how many times is 2Z contained in 198 
^which may be guefs'd at fiom the firft Figures oF each, 2 
snd 19, by taking notice how many times 2 is contain'din 
J p) ? I^anfwer 8 ; wheiefore write 8 in the Quotient, and 
firom ipS fubtiaft 8 X 23^ or 184, and there will: remain 
14 to be farther divided by 2^ ; and fo the Quotient will 
be 208 fT* And if this Fradion is not lik'd, you may con- 
tinue the Divilion in Decimal Fractions as far as you pleafe, 
by adding always a Cypher to the remaining Number. Thus 
to the Remainder 14 add o, and it becomes 140. Then 
fay, how many times 25 in 140 ? Anfwer 6 ; write there- 
fore 6 in the Quotient ; and from 140 fubtrad 6 X 23, or 
1389 and there will remain 2 ; to which fet a Cypher (or o) 
as before. And thus the Work being continued as far as you 
pleafe^ there will at length come out this Quotientj viz^ 
208,60865 &c. 

n^-^'''i ?'.?"''' ^^T- ^J^ 46,1) 3,5218 (o,07<?9 
Decimal Fraflion 3,5218 is di- 322 7 ' 

vided, by the Decimal Fra£lioii — I — 

46,i,and there comes oiit 0^07639, 2948 

&c. Where note, *that there ' 2766 

muft be fo many Figures cut oflF '^ — 

in the Quotient, for Decimals, as ^|^ 

there are more in the kfl Divi- ^ 3^3 

dend than the Divifor: As in a^jq 

this Example 5, becaufe there are 4149 

6 in the laft Dividend, vi^ 

3,^21800, and'i in the Divifor 221 

We have here fubjoin'd ipore Examples, for Gleamcfs 
falfe, viz. 

P043) 208441 1 5 (2305- 72,4) 20pp,6 (2p 

18086 I4i^ 

■» ■ ■ ■ . 

27581 

271 2P 
4521$ 

.45215 




m^r- 



So.?8) 



^o,i8) i:j7.995 (2,7S 0,0153) 0,051515 (3,9025 
100^6 ^96 

35126 1188 

25090 . ?30 

25090 264. 



— '■ > « i 



6&> 

660 



N. B. The Vforiing of tUt Rule m Sir l&^c^feeming 4 Iktle 
Meurij this ^6er equivalent Rule mitf be addedj viz. Ohjerve 
vHuU is the Quality ef that figure in the Dividend under which 
the Flace of Integer Units in the Divifo^ does or fhouU ftand i 
for the fame mil be the Quality of the fkft Figure of the Quo- 
tienty e. g. 

34O >oc468 (i 

In this Example, 5 heUug the Place of Integer Units in the 
Dividendjthat Jet und& the Dividend, Jo as to di'^de it, mdd 
fall under the Figure 8, which is the Place of Hundreds of Thm- 
Jandths in the Dividend ; therefore the l/nit in the Quotient 
muB ftand in the Place of Hundreds of Thmfandths ; and to 
make it do foj four Cyphers ms^ be plac'd before it, viz. , 0000 1, 
Bcc. is the true Quotient 

In Algcbraick Terms Divifion is pcrform'd by the Refo* 
lation of what is compounded by MuIcipUcation. Thus, ab 
divided by a gives for the Quotient K 6ab divided by 24 
gives -2 b 5 and divide by •-- 24 fives' — 5 K «-«* 64^ di- 
vided oy 24 gives -r- 5 1, and divided by -~ 2 4 gives 2 J. 
i64tf? divided by 24<r gives Sbic. —844'^^ divided 

6 2 

by ^ i244;rA; gives 74;r;ir. Likewife — divided by — 

gives ^. -Q divided by ^ gives -^•. — rgp — ^ dxvxd- 

. 24cir . — -TOT 6 J. .J , 1 . 2 

fd by ^ gives \^ . - divided by 3 gives ^ ; 
2tfb 4P 5 5 

jmd wciprocal^y -- dividcdby -- gives -^, or 3. ^-jj- 

divided 



L«3 

« 

divided by 24 g>vc» -5 ; and .reciprocally divided by 

^^ll? gives 2Mf> likewifc Vi«j divided by ^3 gives V^p 
cc ^ 

Vabcd divided by v'c i gives Vab. V^i^chjVdc gives 

Va 4i, or 4. V^' 35 44jf 't divided by V ^ ^j^ gives V^jd^z^. 

,-, . divided by gives ^ i^ 2 

cc c c jodte 

divided M — ^ ^ — gives — -^^—^ • And fo 

n + t Vrf a? divided by ^ + ^ gives V4 jt ; and reciprocally 

d 
divided by Vrf at gives d-^b. And . , V^^f divided' 

by — ^gws4y4r, or divided by 4 gives -—--V^;*:, 

'Vdx ■ ^ dx 

or —777 ; and reciprocally dividjed by — j— l 8^^^* ^' J^ut 

4 "T^P 4r^ U 

in Diviliohs of this Kind you' are to take care, that the 
Qjiantities divided by one another be oJF the fame Kind, 
. vit^ that Numbers be divided by Numbeiv, and Species by 
Species, Radical Quantities by Radical Quintitka,: Nume- 
rators of Fradions by Numerators, and Denominators by 
Denominators ; alfo in Numerators, Denomin^ors, ^iid 
Radical Quantities, the Quantities of etch Kind maft be 
divided by homogeneous ones [01 Quantities of the ikme 
Kind.] 

Now if the Qu^tity to b^ divided cannot be divided by 
the Divifor [proposed], it is fufficient to wiite the Divifor 
undfrneaiby with a Line between them* Thus tp divide db 

by f, write — \ and to divide d^b^QX by 4, write 
or Vcji?. And loydx^-^xx divided 

4 4 
*l^« *• . ^« VaX'^XX g/dX'^CX . J ; 7 

by vex gives — -J — ^^, or y -— • And dd^db 

Vex ex 

Vdd-^ 2XX divided by d — b^V^dd-^xx givea < . 

g/*x—2xx, ^j^ .,2y ^ dimded fcy 44^7 jjiyei jVf. 

M4—XX 

But 
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fiat 'Wrhcn tlttfe Quantities a9 Fraaioos, multiply tk 
|lQfnenitoi <A the Dividend into the {Denominatoi of the 
^^'\ ^ ^ Denominatoi into the Nometator, and the 
Hrft Prodoa wdl be the Numerator, and the lattei the De- 

toomijiattttof the Qjiotient. Th« ro divide - by— write 
1^, that iii ttultiply «iy rf and i by r. In like Manner, 
2-by i gives -_: And ^- Vi* divided by ~ luwi 
^JJ^y^ii;, and divided by ar y**"*-** gfT^ 

Zcei^44^xx ^" *** *^™* Mmner, ^ divided b^ 
t (or by -) ^ves - . Abde (dr <^) divided by 1? gives 
^ And -| divi(;fed by ^ gives i ; And 3 divided bj 1 
«iv«s i?; Ani t^ — \^cm ^iirided by 4 gives ^^tz Vc*: 

And 4 + A VcAT divided by - gives -i i %^cx* And 

2f^!ff divided by 3 Vcd gitres |- ^^ • and divided bf 

S^^^ives i //l^/ And i/Z^ivi^^ 

X , i ccd 5 II 2-7 

gives ^ ^1£ and fo in others. 

A Quantity compoundedoffcvejral Terms, is divided by 
dividing each of its Terias by tbt Divifor. Thus 44 + 

^dx -*- XX divided by 4 gkes 4 + ^x . But when 

the Divififlp ^of^As alio of &ve«a»T«rms, ^ Pivffii^ is 
peiform'd 90 in Nambm. Tt?w to divide 4^ -f 1^44^ 
^^ddb — 34ir + ifc^ by 4 — J, fay, how many tinjes is 
4 c6fliain'd in 4*, i4zs. the (kft Tettti of the Divifor in the 
firft Term of the Dividend? Anfwer 44. Wherefore writ^ 
4 4 -in the Quotient ; and hatrlhg fiJbtradled 4— J. liiultiply'd 
into 44, or 4' •— 44^ &om the Dividend, thete ^Ulremairt 

^44^ 



^4de -*- ijrfBr + bbc yet td be divided. Then lay agald^ 
liow many tiitle^ 4 in2Mdc^ AniWer 24r, Wherefore 
write alfo 2<r in the Qpoticnt, and having fubtrafled 4 — i 
into 24r, or 244r — 24tr from the aforetaid Remainder, 
there will yet remain — 4tr + bbc. Wheircfbre fay again, 
how maiiv times 4 in --^4^r ? Aofwer ^^bc^ and then 
ivrite «— (r in the Qpotient ; an J having, in the lad Place^ 
fubtrafied +4— 6 into — Jc, '^^^ — Abe '\'kbc b6ta 
ehe lafl Remainder, there will remain nothing ; which Ihews 
that the Divifion is at an En J, and the Quotient coming 
out [Juft] 4d + 24e'^he. 

But that thefe Operations may be duly reduced to the 
porm which weufe in the Divilion of Numbers, the Term* 
1)0th of the Dividend and the Divifor muft be 3ifpos*d in 
Order, according to the Dimeniions of that Letter which is 
foftenefl found or] judged moif proper }for the [Eafe of the! 
Operation ; fo that thofe Terms may ftand firft, in which 
dm Letter is of moil Dimeniions^ and thofe in the fecond 
place whofe Dimenfions are next highefl $ and fo on to thofe 
wherein that Letter is not at all involv'd, [or into which it 
is not at all multiply'd] which ought to flan4 in the lafi 
Place, Thus, in the Example we juft now brought, if the 
Terms are diq^os'd according to the Dimenibmi of the Let<' 
tcr 4, the following Diagram will ihew the Form of the 

a^^^aab . 



O + 244C — ^dbc 
244c*-^2abc 



O*— 4b€'\'bhc 
. — dbc-^ bbc 



Where may befeen, that the Term a\ or 4 of three Di* 
tnanfiods, ftands in the firfl t^lace of tlie Dividend, and the 

Terms .^^^j, in which 4. is of two Dimenfions, ftapd in 

* 
the fecond Place, and fo on* The Piyidepd might alfo have 

been writ thus; * * ^ . 

.... ^1 






Where the Ttrms that Aatid in the feoood Place ate united, 
by colIeSing together [or phdng bjr one mother] the Fa- 
8an for Coeffkientf] of the Letter fwhere it it] of the 
lame uimtDfioa And ths, if the Terms were to be did 
pos'd accoidiog to the Dimoifione of the Letter hj the Bu- 
jfinefsmofl he performed [or would ibnd] as in the fi>Ibw- 
m^ Di^pftm, the Earplication wlieieof We flMdl faetc fob- 
jam: 



fbh^^ach 



— ^^' 



"^ — jm ^ 244t 
^24C * + 244C 



M4I +M 



■■iM 



Say, How many times is — ^^ contained in cbh ? Anfwer 
"rf ^> WheT cfbre hating writT- cb id the Qjv^tient, fub- 

traS — b + d^^^cbj or bb^ — ? 4(rj and there will re- 
main in die ftcond Plact ^ ^;^ b. To this Remainder 
add, if you pkafe, the Opantities [that ftand] in the laft 
Place, vizm ^44^ and fay agdn, how many times if — b 

«mtairi"d inZl^y^b? Anfwffcf J ^^^. Thcfc therefore 
being writ in the Qpotient, filberaa ^b^d mviltiply'd by 

r|- 24tf _*— 24ff, +144/ J . .„ . 

jL 4 419 ^ .^ 44* jL^t i a'^d there wul remain no- 
thing. Whence it is manifeft, that the Divilion is at an 
End, the Qjipdent coming out —.ft + 24^ +44^ as 
be£»:e. 

And thus, if. you were to divide 441** — ddc^ +yyc^ 

+ 7* — 23r*ftf — 4^ — 24^cf-r^'*T;' byjfjr— 4* — ec. 
I Older [or place] the Qpamities according; to the [Dimen«* 
fioof of flic] Utter y, thus : 

I • • • . 



.1^6"] 



A 



^^^A^CCf 



yy^cc^^ ^2ccy +^^^'_^^^*- 

Then I divide as in the following Diagram. 

Here are addpd bthcr Samples, in which you are to take 
Notice, that where the PimenSons of the Letter, whicl| 
[this Method of] ordering ranges, don t always prqceed in 
the fame Arithmetical Progrcffipn, but fomedirics [intcir- 
iqptedly, or] by Way of Skipping, in the defeaiye Place* 
wejiote [thisMarkJ :;l|p. 



yy ^ 






^Zec 



4-7:- tt--"2i«^rr. 









— 24* 






P 



4*44rc 



J^ 



— 4 



ce 



+ 4* -z ^24 



'*.44 f-f- 4t. 

^dh^kb 



• \ 



s • » • ♦ 



IJ^-?^ 



Can 



» I' ^--i- 



« ■ . ^ 

O +24>'r-4|447J» 
^24J»'— 4 4477+24'^ 






i»4 4-*^V^2+*t) , .. C44.— 4iv^2+W 

4* Jf il[i * +** ' 

• . — -J _ '^ 

— 4'JV^2 — Adhh 

*. 4- 44tfr -i- 4^' Va + t* 

V _ • ■ *■ 



Soini* feegin t>ivlfi6n ftoin tfac laft Terms, hut it cSriics 
\o the fame Thing, if, inverting the Order of the Terms, you 
i3egin from the firft. There are alfo other Methods of di- 
yidingy but it is fuflScient to know the nioft eafy and com- 
inbdious; 

I 

O/ExtrAction ^/ Roots. 

TTTHEN the Square Root oF anjr Number is to be cx- 
Vy traded, it is firft to be noted with Points in every 
bthtf Place, beginning from Unity ; then you are to write 
down fuch a Figure for theQuotient, or Root, whofc Squatt 
fliall be eqijsil tp^ or neareft, lefs than the Figurei pt Fi« 
gures to the firft Point, Arid [then] fubtrafling that Square, 
the other Figures of the Root will be found one by one, by 
dividing the i^emainder by the double of the.Root as far at 
extraSed, and each Time taking from that Remainder the 

1ft 21 Squai« 
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Square oF. the Figure that laft came out, and the tkcupU of 
the afbrefiiid Divifor augmented by that Figure. 

llius to extxaa the Root out of 9^<;6, firft Point it af- 
ter this Manner, TpSs^t then (eek a No^oibex whofe Square 
Ihall equal the firft Figure p, viz,.^y and Write it in the 
Quotient ; and then having ftrbtraded from 
9, 3x3, or 9, there will itmaih o ; to which 
fet down the Figures to the next Point, vlz». PPJ856 (316 
98 for the followingOperation, TTicn taking p 
noJNoticeof the lafti^gure 8, fay, How many """^"^ 
times is the Pouble of 3, ot 6, contain'a ^^ 
in the firft Figure 9? Anfwcr i 5 where- ^^ 
ibie haying writ 1 in the Qpotient, fubtra^^ «c6 
thePro!du«of i X 61, or 6r, firompS, and ^yJ^ 
there will remain 27, to which conneS the — — 
laft Figures ^, ana you'll h^ve the Number o 
57<6, in which thfe Work 19 next tq be car- 
ry a on. Wherefore alfo neglefling the laft Figure of thij^- 
rfc. 6, fay. How many times is die doable of 31, or 62,- 
contaki'd in 375^ (whkh is tor be ^uefs'd at ficom the initial 
Figures 6 ar\a 37^ by taking Nottce how inany times 6 i« 
contairi'd ip ?7 ?) Anfwer 05 and writing 6 in the .Quoti- 
ent, fiibtra£( 6x62i$, or 37^6, and there wilt remain O ; 
whence it appears (hat the Buiine& is done ^ the Root com^ 
ingout'3i6» 

(kkermff with $k Oivifmftt imn it mlljtmd tbm : 

5*98^6 (516 

9 - • 

. ' • 6)9S 

61 

62)3756 
3756 



• • • 

Aid fi h 9ikers. . J 

^nd fo if you were to cxtraa the Root out of 321787^1^ 
&ft having pointed it, feek a Number whofe Smiare (if it 
canuot be [cxaftly] equaU'd) flialj be the next left Square 
(of neaitft) to 22, rhia Figures to the firft Point, and you'll 

IrjH 



22178791 (4709,43^37, *c^ 
16 



6\j' 
609 



8879* 
84681 

41 1000 

376736 . 

5A26400* 

282564^- 

n^ 

dooyijioo 
156513196 
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iaoA it to be 4^ For ^K 5, or 25, is gieitf r than 22 ; and 

4X4> or 16, left ; wherefore 4 wUl be the firft Figure of the 

Root. . Thii tlierefore being 

vm% in the Qaoticnt^ firom 

22 take the Square 4K 4 j or 

i5, 90d to thr Hiixi^inaer 6 

kd join moriedver the next Fir 

gqs^ 17, gnd yoi/U have 

6 1 7> from whofe Divifioti bjr 

duB 4puhle ot 4 fou ore to 

bbtain the &cQnd Figure of 

the Root, t^*:^ iieg|e£(ing the 

lafl Bgore 7, iay^ how ma- 
ny times is 8 contain (i in 

61 ? Anf^et ^ ; wherefi^re 

WTite^7 in the Qpotient, and 

fiom 617 take the Prpdufit U 

7 intd 87, or 609, and diste 

will remain 8^ to which join 

the two next F^iae^ St^ aod 
Jotf U have 887, by the Pi- 
irifion whereof b]f the doiibl^ 
0^47, or 94, yoa are to ob- 
tain the thiid Figfire ; wlay^ 
How many times is 94 coin- 
l^ral^d in gg ? Anfwfr o ; wherefore write o in the Qpcid^ 
eii^ and adjoin the twp iaft Fk;wf$ 91, and yon*ll have 
8S791, by whofe Division by the double of 470, 07940, 
you aie to obtain the Igfl Figm^, wls fay. How nuuiy timei 
f40 in 8879 ? Anfwer 9 : ^hmfoie write 9 in the Qpoti« 
eott and you7l have the Root 4709W 

But fince.dwf Produd 9x9409, or 841681, fiibtmdcd fmn 
|BS79i^ leaves 4i 10, that is a Sign that the Nupshec 470P 
11 not the Rdot of me Number 221 78791 predfely, but 
that it is a little lefs» And in this Cafe, and in others iiks 
it, if you defiee the Root fliodd ap^oach nearesy jfcki muft 
[pnoceed or] carry on the Operation in Decimals, . by: adding 
to the Remainder, two Cyphers m each Operation. Thus 
the Remainder 41 |o having two Cyphers added to it^ beopmes 
41 looa 9 by the Divifion whereof by the doi^le of 4709, 
^ 94i8si yoQ'U have the 6rii Decimal Figure ' 4. jFhen 
Wing writ 4 in the Qliotient, fiibtraft 4x94184,. 01 
376736 from 411000, and there will remain 34264. And 



356190400 
282566169 

75624231 



fo haviiig added twc^'more.Cyphcrs, the Work may ic baf^ 
xf'd on at Picafure, the Hoot at leiigth coming oiit 

470P,436?7, &c- 

But when the Root is carryM oil half-way, or above, thii 

reft of the Fixates may be obtain'd by IXvifion alone. As 

in this Example, if you had a Mind to exnrad the Root to 

nine Figures, after the five former 4709,4 *^ extra^ed, the 

iour latter may be had, by dividing the ^maiiider by tiie 

double of 47op,4' '^ ^ 'T ■ 

And after this Metier, if the Root ^f^ilP7^ waj< to be 
cxtrafted to five Places irt Numbers .* After the Figures arc 
|)ointed, write i in the Quotient, as [being theFigurej 
whofe &juarc i X i, or i^ is the greatcft that Is cbnt^in'di W 
2 the Figure to the fii-ft Point; and 
faving taken die Square of i from 7; ' =• - g ^^^^^ 
there Will remain 2; then having let 'Z:. • ^ '-'• 
the two next Figures,, viz. 29 to icj 1 
(viz,, to 2) feek how many tidies the • :^— * : 

double of I, or 2;, is contained iri 22, 2)^29 ' ^ ' 

SnJ you'll find indeed that it i$ con- 21^^ ' / 
tain'd mbre than 10 times ; but you art • '^g<^ JI^ 
ftever to take your Divifor id tirties,^ - -. '^^^ 
no, nor 9 times in this Cafe ; becaufe •» ^' -' . - , . *. / 
the Produa of 9 X 29, or . 26 1 , id gxcat • 5 62) 2 1 5 (^ 9,* &c; * 
er than 229, from which it wotildbe ' 
to bciakeii [or fubtraaed]|. Whereforexvrite only 8.* Aft* 
then having writ 8 in the Qa6tient ^and OibtraSed S^x^,- 
or 224, tbete will remain ^ ^ and nav^g kt down to this 
the Figures 76,' feek how n^iny tlcries the d(*vubfe of 18, or 
36, iscontaiii'd in ^7,' and you U find i, BitiA fa write t in 
the Qpoticnt ; and having fubtra£led i^^6\'f or ^6iftrom 
l^'fk} tJicrrwiU remain 215. taftly, to otiftri the Remain- 
ing Figures,- divide thb NiKfiber 215 bythe double of j8t^ 
or 562, i^^d youlH ha'^e the Figures ^9,' which being writ 
in the Quotient, yoail havetlvc Root 181,^9. ! 

After, the, fame Way Roots afe alfo extra^ed out ot De- 
cimjlNumbeis. Tfius^the Root of 3^9/76 is iSj^P i ^^^ 
the F^oot of 3,2976'is 1,81 <;9 j and ttie Robtof 0^63297^ 
i8.o,i8iC9, andfoom But the Root of 2297,6 is 57,42475 
and iheKoot'of 32,976 i is 5,74247^. . nnd thus the Root 
of .5},9&j.6 is 3,16. but ihc Root of 049985^ is 0,999273^1 
&c. as will appear from the following Diagrams : . ^ 

3297,63 
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• •• • • • » 



5?97>6o (57,4247 


9,9855 (3,1^ 


31 . 


9 


|0) 7P7 


6)9» 


749 


61 


iii4),48<to • 


62)3756 


4^76...- 


3756 


1148)28450 


9 


22964 , 


•* 


11484) 54^600 • 


• 


4S9376 




1I4848) 8422400 


■ 


8039409 


• 


382991% . 


• • 


• ' • • • 
6,998560 (o,999.27fl 


18)188$ 


• . 


' 170" 


' 


198) 18460 


k , 


17901 


/ 


J998) 55900 




39964 


• 


19984) 15936C0 


• 


I398929_ ■ 




J?i?854) 19467100 

. -^^ : 17986941^ 


• 


1480159 





1 will comprdiend the ExtraSbn of thp Cubicle* Root^ 
and of all othm, under one general Rule, cpnfulting rather 
the Eafe of ithe rnuds than the -ExpeditiouCiefs of it, left C 
JDiould [too niuchl retard [the leaper^ p Things that are 
of no firequent tlfe, vi^ every third Figure beginning 
from Unity is firflf of all to be pointed, if the Root [to be 
cxara£ledl be a Cubick*one $ or every fifth, if it be a Qua* 
drato-Cwick [or of, the fifth f owcj?], and then fuch a Fi- 
gure |s to be writ in the Quotient, whofe greateft Power (i. «. 
Whofe Cube, if it be a Cubick Power, or whoft Quadnito- 
Cube^ it it b6 the fifth Power, ^r^ Ihall either be equal 

' to 
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to |he Figm or Firaies before the firft Point, or next 
[under them] ; and then having fubtraded that Power, the 
next Figure will be found by dividing the Remmder au^ 
mented by the next Figure of the Refolvend, by die next 
lead Power of the Quotient, niultiply*d by the Index of the 
Power to be extrafted, that is, by the- triple Square, if tlw 
^oot be a Cubick one ; or by the quintuple JSiquadrate 
[j. f. five times the JSiquadrate] if the Root be c^ the fifth 
Power, c^r. And having again fubtraAed the Power Of 
the whole Quotient firom the Qrfi Refolvend, the third Fir 
ffxre will befound by dividing that Renis|t^tt tugmented 
by the next Figure of the Refolvend, by die neat leaft Power 
of the whole Quotient, multiply'd by ibfi IfldeS Of Hm 
Power to be extrafled. 

Thus to extraft the Cube Root of 1331 2053, the Num- 
ber is firft to be pointed after this Manner, vkf 1 13 1200^ 
Then you are to write the Figyrc 2, whofe Cube is 8, in ube 
'[firft Place of ] thcQpbtietn. al which is the nexTle^ft 
[Cube] to the Figures 1 3 , [which is not a perf efl Cube Nnpi- 
ber] or to the firft Point ; and having fubtia^d thatCube^. 
there will remain 5 ; which being aug0|cnted by the nicit 
Figure of the Refolvend 3, and divided by the tripleSjuare 
of the Quotient ::j, by ' 

JTeekinc; how many time$ * ' * ^ 

3x4, or 12, is con. "^ ^^ ^ J"i2053 (237 
tain'd in 53, 'it gives 4 Spbtrafl the Cube 8 

for the fecond Figure rf i ^j rcito. 53 (4 or 2 • 

the Quotient. Bujfince — r— — 2U:1—J 

the Cube of theQuoti- * S|ibtraa.Cube 12 167 
pit. 24, w*^ 1 3824 would 1587) i^na. .11450(7 

cotne out too great to b^ ""'' — 'tTTT'Ti — "" — ^"" 

fubtraaed from the Fi- ' Spbtraft 133 12053 

8presi33i2thatpreceea . ^^^"^^^ O 

.Sic fecond Point, there 

inuft only 3 be writ in the Quotient : Then the Qjiotient 
25 feeing in a fepar^te Paper, [or Place] mtiltiply'd by 2J 
gives the Square 1529, which a^ain muhiply'd by 23 gives 

the Cube 1 2167, ^^ ^^ ^^^^^ fi^"* ^ii}h wiD feavc 
1 14J ; which augmented by the next Figure d the Refol- 
vend ©, and divided by the triple Squaife of the Qpotient 
!S3, vfz.. by feeking how many timei 5x529, or 1587, is 
contain'd in 11450, it gives j for the thijd Figure of the 
Qpotient. Then the Quotient 237, mubiply'd hj 2371 gives 
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fought 

And fo to extrad theQaadrato-Cubical flooc of ^64:^0820,' 
iti'itHift be pointed over every fifth Figore, and the Figure 3^ 
whofe Qusdiato-Cube [or fifth Power] 2^5 is the ncx.t Jeaft 

¥» ^6^ .t»fc« to.thf fi^ Foint, muft be writ in dieQiiotient^ 
hen the Quadrato-Cobe 24} ' 

feeing ittbtraded^ fiom 364, * ' if 6 * 

there remains i iij li which ai^- . 36430820 (3 2,$ 

Aicritdd by the. next Figure of ^42 ' 

the iUfol vend, wfc. 5, widdi- ^ -^n ,;L ^^ - 
vidcd by five times the Biqua^ ^^^13^^, 

^ate of the Qiioticnt, viz.. by . , 335*5441? i 
fieiirighow m^ny times 5x81, 5242880) 28763«/> Q5 
or 465^ i? cbntain'dih i2X3> 

it giv^ 2 for the Second Figure* That Quotient ^z^han^ 
tVke. &:iultiply*d by k lelf, oiakei the Biquadrate I048C76 i 
and ttiis again mvltipIyM by 32, makes the Qpadrato-Qibe 
3355443 2^ which being fubtra&ed from theRefolvend leavel 
. 2876388« "rticrefbre 32 is the Integct^art of the Root, 
but not the true Root ; wherefore, if you have a Mind to 
frofecate.the Wolkm Decimals, tne Remainder, au^ment^ 
cd by a Cypher, muft be divided by five times the arorefaid 
Biquadrate of > the Q^tient, by feeking how many times 
^Xi048,576/o): 5242880, is contained in 2876388,0, ^d 
thape will come odt the third Figure^ or the fir ft Decimal 5* 
And fo by fubti^ding the Qp^^i^^to-Cube of the Quotient 
2 2,5 'from the llefolvend, and dividing the Remainder' by 
five tijmes its Biqu^drate^ the fourth Figure may be obtain'X 
Ahiio on in In fMtuM^ 

Whfen theBiquadrattck Root is to be etttafled, you may 
rXtria twice the Square Root, becaufeV* is as much as V* 
y*. And when the Cubo-Cubick Root is to be ettrafied^ 
y^u may firft e^tra<^ the Cube-Root, and then the SqUare- 
Root of that C&be-Robt, Bccaiife the •^ is the fameK) 
^'j.'!/}-. whence fi>me have call'd thefe Roots notCubo-Cu- 
bicV* ones. ^ but (Jiadratb-Cubes. And the fame is to be 
obferv'd in Other ' Roots, whofe Indexes are not prime 
fQiimbers* ' , * 

' Tte Extraaion of Robots out of fimple Algcbtaick'Qji^n- 
tities, is evident, even from [theNature orMarksof] Nota* 

don it felf; a»tliat Vds u 4, and that vadct u »e. and 
• ■ ' • ■ • ■ F ■ . that 
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HiatV^tite 1134^ and that y4jf4''i^d; ii 744X.. .And' 

Wfo that I' — , or -T— » — , and thi(t l^r^T-^w. * — , 

and liaF,^^"*" « fe and that •* u f^ atifl'that 

4/lHl. b ^, and that ^'■tthh U y^t. MortcWefy 

tlutiy«<irc, ori intoy^iicr, \ih\j\^MQ 01 Mhc. Aod 
34* ?4««. 



that ?<y FT- « 3fX^^-, . Or - •, - . And ;that 

<» + ?*^/4****' ■ ■« + ?* at** : -34t.V«+di'*»i- 

— --^— t' S-' *■ — X .Or - .r -ri T ■ ■*■■ -i - t 

c ' 8t«4 f 9'' . ,, ,?'"'• 1 ,- 

1 fay, thefe aie all evident," becaufe it will appear, ilTffiitf 
Sight, that the ^posM Quantities art ptodad'd by iiflWti- 
plying the Roots into themfelra (as.14 ^oni iii,x<(, i-Mtfe 
fiomrfc imo af,' 5(a<fc*c front; 5'(ic iiitfx .^'ac, ScQ ' %ai 
when Qnantitieicorffiflrbf'ftv^al Y^nisithe Btrioipl^ is 
pcrfbrniM as in Numbers. ' Thu^ to Krria'the Square Rl>oiE 
outofrfd+ 2Ahr{-bh, in the firflPlacCj^'Witte the.Bfeot ■<:#■ 
the firftTerm <i4, viz. 4 in the .! - c -. , . 

its Square <i x 4, there wiUre- «*^T.«wr •• k-Tf 
main 2rft + tt to find the Re- * ^ - , y ' ' 
mainder of the Root By. Say c^246 + ti& '. ;■; ' 
therefore How marly times is _ ^^4i-^h}r. ',„;-. 

the doubis of the Cbjotient, or ~;,— — : :'. ' . '■, 

2 4, contain'd in the firftTerm of •' ' O O ' - 

thfe Rem?iiider iubt .1 tirifwer b ' '','"'"/ , '.','- 

ftime«3, therefore Write h in the Quotient!, and having fut 
trafied.the 'PioduQ of b into jT^^, or ZMb'^^kb, t^erc 
Will reOiain /lothi/i^ Which Ibcw^that the- Worlc it. fi- 
iiiih'd„tbeRootcoaw« out .i+t. . ;: . ^ 

' , And tnm,toeitiaa tap Root oiif oSa t + (i4 ' >-t'-S4',fc> 

E' ~\z»h' +4t-', firfti'fct in the Qjjoicnt the Root of tiie 
rATerihii-', viz. uMi and havini^ firf^tra^ed. its. Square 
44x44, or 4", there will vcamn 6'* b ■+■^41^-' 
i24i'"+46-' to find tlK Remainder of the Root., Say 
<hctdFore, How maity times is 2aa coiitaLn'd in S^^k'f 
Axstvtt ^tb; wheiefoie write :^4b jn tlie QiK)tier!;t,-;and 
having fuhtrzacd the Produ6tof }4l|,ioto 24k -^-.^Mkt ff 
iS4*6 ^- j>(iatf, there will yet remain — j-iiihb — .jz^dh* 
ff ^ff* to cany on the WoiJf, Therfcforefejr agaui. How 
■ ■ ■ many 



niany timet is Ae dooUe of tbe *Q«iotien^ vki 2 4 4 -f 6 4 ^ 
contained in ^^^Mdhh'^ itdh^^ or, which is Qlc faun« 
Thing, fay. How many times is the double of the firQTcrm 
pf tte Quotient, or 244, contained in the firil Term of the 
Remainder -*— 4 4 4 ( ( / Anfwer •^ .iiJw Then having writ 
-— 2 1' 2^ in the Quotient, and fub^^ed-the Piodofi ^^zbb 
into 244 + 6db'^2hbj d^^^ddhi — I24b* + ^h^^ 
there will remain nothkig. Whenee tt foQows, that the 

Root iS44 + 2 4 ( -^ 2bK 

* • ■ •' * 



» *•» * J- 



9'^64^b%9iibh' ^r* . . ^; 



— 444tt— ? 124i* +4l>* 
^^44bb^--\24b^ +4^* 



• ^. 



o- 



, An4thustbe.fto^of tthe Qu3ur^gr'4^y-*4;if +i44 ii 
AT — 14 '5 and tlie ^oot oiE tbc Qjpntjity 'ji;^ + 41 ' -r-oj +4 
i« JJ' + 2;f — J 2 ; a^JQ the Koot of t^e. Quantity 16 4^ ^^^ 

; ATAT — 4:^ + ^44 (Aft-- 1^. . ... 

:_ .T .• ;?Ap ,••■••' ^ . . ••.- ..-. 

m ■■ 1 1 

. /' : . ^o ^<rAr + J44 



r.^'^M^-^M«>*>-»4w«Ai 



.tr w ^ ■4' . - -•' - - '\ '"• '* 



gj-4~2444 ,_ > j^^, f ^.— 444 
^^ +I26>* +4t** ^ +^?'* 
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bccomcf 4 4 divided by >, or - . And ^ — —, — 5 Wq 

rir' • ' 4 — X . . c dc » , ^ J. 

— -r — becomes — r^, iiitd - , or — — r. And 28 d*. 

?»dfd l^fr.Z, becomes 4 divided by - \ 6ri2. 

• - ♦ -f ■ . 

Of the Invention of Divijfors. 

T> this Ffead may be referr'J the Invention of^Diviiforii, 
by which any Quantity may be divided. If it be a 
itmple Quantity^ divide it by its leaft Divilbr, and t)ie 
Quotient by its leaft Piviror,*till there remain an indivifibJe 
Qu((ii^ltF)ia^ you will ba:Te aU\he prime Di^ifon of [th^ij 
Quantity, Then multiply together each Pair of thefe 
Divifotj,. each teniaty tor. three] of them, each qu^ternsi- 
ry, &c. and you ^Ul alfo have all the compounded r^vi- 
fors. As, if *I1 the divifors of the Number 60 ar^ reqpir'dj 
divide it by 2, and the Q^ti«nt 56 by 2, and the <]ipotient 
1^ by 3, andtherc will remain the indivifit)le Qpotient 5. , 
Therefore the prime DiKifors arc i, 2, -35j j, $ j 9iQfe,<:ofljri 
pos'd of the Pairs 4, 6, lb, 1$ > of the Ternaries 12, 20, 
)o ; and of all of chem 60. A^^ain, If all the Divifor; 
f£ Hit Quantity ai 4hh are defir'd, divide it ^y 3, aiid the 
Quotient 74 ti by^, and thf Qptieni>4fci by 4, and the 
Quotient bb by fr, andtherp will remain the prime Quo- 
tient t. Therefore the prim^ Divifora^ are i, 3, 7, 4, i^, t • 
9nd th<^fQ.compos*d of theP^irs 21, ^^, xi; J^tlK ^K ^^i 
thofe coinpos'd of thie Ternaries 2 1 4, 2 1 1, 3 4 1, ^k^yj^b^ 
7bbj 4bh; and thofe of the Quaternaries '214^^21^^^ 
^bh^y4fibf that of the Quinsies 2i4blf^ After the fame 
Way W fhe Divifprs pF 24bbr^644C are i, 2» 4t 
Irfr — 34r, 24, 2*^ — 64r, 4bb — ^a4C^ ^4bb'^6a4ci' 

^ If after a Qjiant^ty k divided by ^1 if5 6«i|^c Divifop^ 
it Remains fflfll] compounded, and you fufpcit it has ibme 
ci}i|ipoi:^(i(4 piyifi>r, [order it or] difpoTe it aocofding w 
the Ettxnennons of any of (he-Letters in it, and in tbe Room 
^ tlf < Utter fqbftitute 'fiicafl^vcly three 9f fpore l^ffq^ 
of this*Anthm_etical Progreffion/ wV 3, 2, i, o, -^ t, — 2, 
3fid iet the i^sitpf^ TcQW together with all their Di*- 
vi(<»s,- fey tht confefponijing Xctma of thc'Progrclfioii, 
Ott^np ^9wn alfo the Sig^ of we Pivifori^ both Affirmative 



iftd Negative, ^ktn fei^<y^imilktAxmtmkiA'Pto3 
gMflSwa i5rhi(ihnin thro* the Diiiifdrsof ftH the Nttriibers 
pipccedirg front ittie: gsmtt Ttfmt Wthe left, nti the Otdn 
t^tthc Tor^^tte PMjgm^ ?^ 2, 1, o,.a^r, -1-2,1)10. 
ceed, and whofe Terms differ either by Unity,, or by ToaSF 
Number whick xjivides the Ugkeft Trtm rf Hio Owmtttv 
P^^.P^'^?! if W P«)girffion«f Ais kind dato«, that Tc« 
of lis which ftand* in the fame Line with, the Term o of the 
firft Pr0g|€flBouj divided by the dJjLflfeianc© of 4tt Tcrmf 
will comppfe thp Quantity by Which you asc td Hfteiiipc the 

A^if^^e^QjontitybcAf * -^ apo: *- lo^ + 5,' by fiiWti- 
tutuig, one by one, the Terras of this Progreffion i. a — r 
r»^ thm/fuH aorife «&e Niwihcrr — 4^ ^,: 41 ji %}iiV 
tog^li«r^itb aJIfthrirEEviton, I place right ^^airift the 
Tetnto <jf the Fw^^teffion tr-ow -r^ i .-rft<Jr this Mariner : 



... 01 6 I ui.^;6 : 
' -^^ 1 14^1. 2. 7« 14 






Then, Vectufo the Wgheli Tifitai ;i^ » is di vHlife %j na 
Niliribei: Ihit .Unity, I Tcek^atoanfi thp BiVifbii aTVjgref- 
fiOn wh^feTerto differ by Unicy^ fend (ptowetfl^g ftdm 
ite hi^ieftitH^ the low^ft) ,'dcodeaft^ ysk tht T^i^Uft <# cfte la« 
tfral PiogieiSon. u Ok — |, tAtkdil fi«d:ofllykJn«F#<>grcflion 
oflihia Sort; '^W*. 4.^<a^ wHeic Toim fh^ftfofc +-5 1 
diufe, whfch flanda in tkc £iiB0i)Iine wtaft th^ Te*m o of 
tbe fitft RiQgrfifllda i. o. .^ 1 . knd I ^atfcrrtpt^ thi ISvifioti 
hy * + 9> alid. [find] ic fucceted^. thert cfeinlhg' <Jut ftm-^ 
4;r 4-.^ '• - -'•"> »' ■ •.:.:'*• 

ilgaitx;{:i£.<he C^tiantiipjr ;^bc.)6j'^:^j^^ 2^^ 

+ ao, forjjrl-fubflituttftrxfefflwly i.o.'-i-i. feilrfthe re* 
fii!t)ing'NumbcTa:7,20»p.- with' • all rtieirDMfoi's, Iplace* 
by. Ihcm aiiffoUofws : ^ *. > 

< 



*i 



I .7 



!•> 



B.7'»' "^ - - J 7, 
'iv2.4.5via5io 4, 
i>3*9' • I I. 



> • 

And among the DiviforsI peikreivetHere i^ this^deer^sifing 
Afith rpctical . P jogrciBon . % 4^.1 . Ths DiSejfincc of f he 
T^]!tas6f tjhis'PfogreiBbin^'trfi^i 5}V'dtv!idas:t:He^hi^«ft Terii 
ot tfer Quantity 67 f. Whwefdfe I adjiittitHe^f^^ ^^^ 

^- * • ' which 
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%bicli ilandi [in tlie Row] oppofite to theTerm 6, di^id^ 
bv the Difference of the Terms, viz^ 3, fand I attempt the 
Divifion by t + f , or, wfaidi is th^ fame Things by 3;r+4» 
and the Buunels fuccecdi^ there coming out.2jp'^97> 

And fpi, if the Qjontity ht 244* —ijo^^ +4?^^ — 
140a * + 644 -I- 30, the Operation will be a« ftsUoWs : 



2 

I 
O 



4^ 

^3 

30 



l«2« 3. 5. 7.1^^21.42 
1.23. 

i.2.3.^.6.io.i5.3o 



297 \i'3'9*ii*^7*ii^99*297 



+ 3; + 3. + 7* 

+ !•— I. + I. 

—I — 5.-5. 

~3^— 9-— <i- 



Here are three Prqg;reflions^ whofe Terms i^i.^i^^^^asmi^' 
divided by the Difi^nces of the Terms 2, 4, 6^ give three 
Divifors robe try'd 4^^^, 4-r^^, and 4*-^|!. And the 
Divifion by the lafl Divifor 4 _ 4., or 6 4 — 5, fucceeds, 
there coming out 44* — 54* +444— •204 — 6. 

If no Divifor occturbythisMeuiod, or none that divides 
the Qpantity propos'd^ we are to conclude, that that Quan- 
tity does not ^dmit a Divifor of one Dimenfion. But per* 
haps it may, if it be a Qiantity of more than three Di- 
meniions, admit a Divifinr of two Dimenfions. And if fo^ 
that Divifor will be found by this Metliod. S^itimte hi 
that QpGintit^ Cor the Letter [or.Species] asbefore, four or 
more Terms of this Progreffion a, 2, i, o, •*— i.-^- 2. —^ 3.* 
Add and fubtrad fingly all .the Divifois of die Numbere 
that refult to or faom the Squares cf the correfpohdent Terms 
of that Progreffion, multiply *d into fome Numeral Divifor 
of the higheflTerm of the Quantity propos'd, and place 
right againll the Progreffion the Sums and Differences, Then 
note ail the collatend Progreffions which run -thro' thofe 
Sums and EMfference. Then fuppofe iipC to be a Term of 
• fuch a prime Progreffion, and j^ B the Difference which a- 
rifes by fubduding j^ C from the next fuperior Term which 
Hands againfl.the Term i of the firA Progreffion, and A to 
be the aforefaid Numeral Divifor of the highefi Term, and 
/ [to be] a Letter which is in the proposed Quantity, then 
A7/+B/ + C «ill be the Divifor to be try;d. - 

Thus fuppofe the propos*d Quantity tobe x^ ' — ;r ' — 5 xx 
+ 12^ — 6, for a: I write fiicceffively 3, 2, i, o, —I, and 
the Numbers that come out 39. 6, i.*— 6- -^21. •^•26. I dif* 
iX)fe [or place] toeether with their Divifors in another G)- 
Jumn in the fame Line with tkm^andl add and rnbtraa the 

Divifois 



Dififors to and frOm the Squares of the Terms of the flrft 
Frogreffion, multiply 'd ty thp Nunteral Divifor of the Term 
a;*, which is Unity, viz^m to. alid from the Terms p. 4.1.0. 
i; 4,, and I difpof4^ likewife the Sums 'attd Diiierences on the 
Side. Then I writfe, as follows the Progtieffions which occur 
among the fame. Then I makeUfe of the Terms of thefePio* 
greffions 2 and — ^ 5, which ftand oppofite to the Term o in 
that Progreffion which is in the firA Column, fucceffiirely 
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39 
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1:3.13.59 
1.2. 3. 6 


9 
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1.2. 3. 6 
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-2. 


21 

26 


i.3.'7.2X 

I. 2. 13. 25 


I' 
A 



-^4. 5 
o« o 



—30. —4. 6.S. I o* 12. 22. 48 
— 2. 1. 2* j.'j*. St 7. la 
o. 2. . • 

— 6. — 3.~2.-r-X. S.2.3..6 
?— 20. — ^ —2. O. 2. 4. 8. 22 
-^.22. r- 9. 2..3» 5. 6. 17, Jo 

4 

for If C, and I make Ufe of th^ pifierences that arife by 
fubtfa£ting thefe Terms from the fupexiot Terms o ?nd o^ 
viz». — 2 and + 2 refpeftively for jf B. Alfo Unmrfor A| 
and;irfor/. And fo in the Room of A// ±8/ + C, I have 
tbefe two Divifors to try, vk^ Ar;c + 2Ar — 2, zxii xx^r^ 
3 *" + 3> ty I>oth of which the Bufinefs fucceedij. 

Again, il the .Quantity 3, 5 ^ ^j * + , ' -- 8jrj» -14^ 
+ 14 be propos d, the Operation will be as follows : Finf, 
j attempt the Bufinefs by adding and fubtrading to and from' 
the Squares of theTenns of the Progre(fion i,o.-^j(, making 
Ufe of I firft, fcut'the Bufinefs does not fiicceed. Where- 
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38 


X.2.I9.38 
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1.2, 5.10 
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1.2. 7.14 





>I 


. 10 


1.2. 5.X0 3 1 
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190 


■ ■ 


I'M 



— 7* xf 
— 7,— *ii 

— 7. t 
-7. — t 
-7.-^7 

,—13 



—-16 — 7«io.ii»i3.x4«3x.j:o 
*— 7. • — 2. x. 2. 4. 5. 8. X 3 
— 14— «7.— a. — X.X.2.7.X4 
— 7. —2. x.1.4. 5«8*i3 



foiey in the room of A, I make;U(e of 3, the other TXritbt 
of ttie higheft Term ; and thefe Squares being mtiltiply*d by 
-3. 1 add and fubtrad the Divifors to and from the Frodnds^ 
y4«. I2«^.o.3^ andl find thefe two Pr<^reffions in khext-*' 
fulting Terms, — 7. — 7. — 7. —7, and 1 1. 5. — 1. -i-7. 
Fdir Btpedition lake, 1 had neglcfied the Divifois of the 
■Mttfrmoft Terott 170'and 190. Wherefore, the Frogreffi. 
ens being continu'd tfpwards and dbWnwards,! taki^ the n^ 
"Twttid,' w**. —7^ and 17: at the top and '— 7»«id w- 13 at 
potft>Oi| aftd I pyiStht^ bf^xdg^fubdii&ed from the Hum- 
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bri^ 27 and i ?, which fiand againft them in the 4th Ccn 
}unii)4[th^ir} Differences divide thofe [Numbers] 1 70 and ipo» 
which Aand againft them in tbie (econd Column. And the 
Difieroice between 27 and —7, that i«, 34^ divides 170 ; 
and the DiffereiKe of 1 2 and —-7, that is, 19^ dividls i^o. 
Aifo the Difference between 12 and 13, chatis^ io, divides 
4705 but the Diff^nce between 27 and 17, that is, a^t 
da^ilot divide i^. Whisrefore I rejeS the litter Progfef* 
Hon. According to the former, jfC is —7, and X B is 
nothing ; the Terms o£ the Progreflioiti having no Difie- 
icnce; Wherefore the Divifor to be try*d A / / + B i i: C 
willte 3 ijf -f 7. And the Diviiion fucceeds, there com- 
ter6ut)f* — 277-^27 + 2. 

If after thi^s Way, theife can be found no Divifor wliich 
fccc'Ceds, we are to conclude, that the proposed Qjumity 
will not admit of a Divifor of two Dimenfions. The fame 
Mfethiid niay be extended to the Invention of Divifors of 
ittprc tHmenfiotis. l5y feeking in the aforefaid Terms and 
Difffe<:fertces^ not Arithmetical ProgrefSons, butfomc othcri, 
the fi^ft^ fecprid, and third DlfferfeJices of Whofc Terms ate 
in Arithfnfetical ProgrefEon r But the Leanier ought not to 
be detained about thim. 

Where there are two J^tterS in thfe proposM Quantity, and 
all its Terrijs afc6nd to equally high Dirtienfions ; put Unity 
for one of. thofe Letters, then, by the preceding Rules, feek 
a Divifor, and compteat the deficient riimenuons or thi* 
Divifoi-, by refloring that Letter for Unity. As if the 
Qjiantity be Sy"" — cy' — 2Trfj7 + 3c^7 + 20c* , 
where all the Terms arc of four Dinlcnfions, for r 1 put I, 
^nd the CJpantity becomes 6y ^ —7 * -^ 21.7 j + 37 •+ 20. 
whoft Divifor^ as above, is 3 j + 4 ; and having complcated 
the deficient Dimenfion of the laft Term by a [conefbon- 
dcnt]| Din^enfibn ojf r, you have 3)f + 4c \fqx] the LKvi^ 
forfoiigh't. , So, if thaQpantity be x^ ^^bx^ ^^^bbxx 
4»if rt ^ *— 6>^, Jmmh^ I fiar t, aftd having found *;r 
4- :l^rrr 2 the Divifor of d^ refulting Qpanti^je^ -^ Js? 
,-4*^^^-jr.tB*-*-6^ V epmpleat its ide^cifnt Diidienfiotis 
hy, li^^f^ivnl piiB€n$<39sof bj aaad fi> (have xx + 2^« 
-^ a H-^e Divifor fouj^« 

Whe«e* theke are threa 6£ moie Letters in tht Q|NUi|iqr 
prones'di and aU i^/J/sriiis afcend; to tke , finne Dimeofi9fi|| . 
the DiVito. ma^ be J^)d by the fifefcedent Roles $ but 
mor^ expcdittoufly c^e^. this Way : .^te)^ all .the Dtvifers 
of all tl)e Teims ii) which* (om t^ftr] <3f lt)ia Ifim% U 
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nef:, «iid alfe of all the Tenm In wfiidi feiM odM 6f the 
JLetten istiDt; u alfeof iiU theTeritis in which z dmd, 
fixuth, and fifth Letter is not, if there we fo many Lecteit ^ 
and fo run oirerall the Ixt^kv And in the fame' line 
witih tbofe Letteit ^bcc the Divifdn refpcaivcly. Then 
liee if in any Seriee of Divifort^oiiig ^ogh ali riic Lef. 
Un, all the Fatts invt>lving, only one Letter can be as of t»i 
fi>und as thcw arc Letters (excepting only one) in the Qoan- 
dty propose ; and pikcwife] if the Parts involving two 
L^ttm [laay ke found] as often as thet e are Letters (earcept- 
ing two) in the Quantity propoe d. If fo, all tholfc Parti 
taken togetlier under their [p«>peri ^igns will bethc Divi- 
for fought. 

As if these were pKpos'd theQjia^ity i2«» — t±hxx 

4*Vc + 6^ » J the Ditrifors of one DimcnOon of dieTernu 
8i' — I2hbc'^/^bcc + 6c ^ J in which x is not (found 
out by the preceding Roles) will be al^— 3 r, and ^U^e ; 
asidoftheTemii 12 a? ^ + pexx^ i€cx -\-6c^j inwhidi 
i is not, there will be only one Divifbr 4^ 4- 3^ j and of 
the Terms 12M* -^ i/^bxx^i2bbx + 8b\^in which 
thcie is itot V, theit will be the Divifon 2x^b and 
4^-^2K I difpoft thefe Divifers in the fame Lines with" 
the Utters X, t; #^ as you here^Ae $ 

iV|2*— 3f. ^b^^6c. 

b ±x^iie. . 

c iiX'^k 4ar— 2fc 

Since diefi are thaee Letters, and eadi«of the Parta of the 
HMtsin only inirolve one of die Letievs, tbofe Parts ought 
to fce finind twice in the Series of Divifen. But the Parts 
4^9 6c^ tXy b of the DmSatt^b — it and 2jr — I', on^ 
oocur once, and are not found any wh^e out of thofe Divi- 
€m whereof they are Parts. Wherefbi^e I negl(«ft thoft Di* 
vifors. There remain oiily three Divifors 2* — 3 r, 4^ 4- 5 ir, 
•™d 4 JT — 2*. Theft are in the Scries going thfou^ s^l 
thi^ letters x^ >, r, and eadi of the Parts 2t, jr, 4^:, are 
found in them twice as oci^t to be, and that with the lame 
Sipns, if only the Signs of the Divifor 2 1 — J? c be changed, 
and in its place you write — 2* -f xc^ For you imj 
ckipge ^ Sighs oS any Divifor. 1 1^ therefore all the 
Parts of theft, m,. 2>, 3^, 4^- once £apiec^ under .their 
[piopcr] Signs, and the Aggregate -— 2!^ <+ 3c 4* 4^ ^^ 

G 2 \» 
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te the IXvifor which wm to be found. . F5t if ^>y this you 
divide the proposU.Qpgntitf, th^e will come out 3 jvjt 

Agtin, if the .Quaptity. be 12 jt ^ -^lOdX * — pfiits* 
r-264'Af ' -I- I24it;r* + 6bhx^ + 2411* JrJr-frSii^i&A:^ 
I — 'S^bbxX'^ii^b'' xx^^i^d ^bx'i'6.44bbx'*-^i2db\jc 
^ iSb'^x + iid'^b'^ 3244 1* *— 12*% I placiB the Divi- 
fprs of :the Terms ia which x is not, by x ; .and thofc 
Terms in which 4 is not« by a ; and thofe in which b is not, 
by by as you here fee. .Then 1 perceive that aU thde that 

fcfc—- 344, 2hb^6aa, ^bb — i2dd. 
^xx-^^bx-^ zbb. ,i2XX'r'9bx ••{' 6bk. 
X* 2X. ^x — 4.a.6x — 84* 3x^•*-T4^44;46x4^f-r84^• ' 

2XA: -{-ax — ^04^ /[XX+ ZAX^rrAdd. ' V ^ 

are but of one Dim/(nfion ase to be rejected, bpcau^b the 
Simple pnes^ b.2h. 4^ ^» :2Xj and the Pai;t9 of the dotfft- 
pounded ones, ^x r^A^* 6 .< t- 84, v^.foun^ but; onoe in. 
all the Diyifors ; but jthere are three Letter^ iii the piopos'd 
.Quantity, and thofe Part^ involve )3iut one, and fo ovgbt; 
tQ be foun4 twi^ce, (n lifsa Manner, * the. 'Dfvifdrs of t3m> 
Dimenfions, aa -J- ^bb, 2 Ad + 6bb^ 44^4- yzbhjfh.n^ 
n^dd. and ii^bh — \2dd I rejeS, becaufe their Parts 44« 
244. 44^. bb. and 4 (i«. in v(;4ving ohlyr*pne Letter 4 or b\, 
are not found more than once. But the Parts 2,bb and 
644 of the Divifo^ 2M.-rT64^9 whiqji is the only re- 
maining one in the Line with at,' and which likewife invplve 
only one Letter, aie. found again [or twice], :t^i&. the Part 
^bb in. the Divifqc ^xx -^. '^bx -^''^W,' ^nd the Paft 6*4 
in the Divifo^ 4^;^' +-24;^ —-644. Moreover, 'thcfc 
three Divifors are ^njt Series i^anding ^n the fs^me Lines 
with the. three Letters SAT, 4, >; and all their Parts ^airji, 
6ddi^ 4jrA', which. involve only pnc Letter, are foqnd twice 
in th^m, and that upder theic^ proper Signs ; but thQ Part^ 
9 1 AT, 244^1 which involve ^ wo Letters, occur but once ii 
fhem. Wherefore, all ^be divers Part$ pf thefe three Pivi- 
^1^2^^,644, AATJTf. 3^-^^ 2411;, cpnneS^d under their 
popcK Signs, will make the Divifors fought, t/ifc. nbb 
--644 + 4^;|f»^jiy + 24JV. I therefore divide tJ» 
Qi¥im^y prppo8*4 by thi^ [DiviforJ »nd ther? t^rif^ 3 4? * 

■■■'•■•• ■ ■ ' : 'i| 
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If al) the Tenns of any Qpatitity aie not eqoaU j Ii%ht 

"the deficient XKmcnfions muft be &¥d up by the Dunerdi* 

pm of anyailum'd Letter ; then -haring found a IH\ifot 

by the precedent Rules, the affunid Letter is to be blotted 

.pot. • Aa if the Quantity b^ i2x^ ^^i^hxx^'^ 9xr 

'^I2hhx-r'6bx + 8* + gi' * — i2b^^s^h + 6,- afc 

fume any Letter, asc, and fiB op the Dimenfiom dE the 

Quantity piopos'd by its Dunehuons, after this Maimer^ 

12X^ *^iAbxx,+ gexx^^i^bbx-^dbcx^iiccx + 

St^ r^i2bbcm^./^bcc'<^6c*.. Then having found oqC 

' its Divifor j^x — 2b + i^Cy blot oi|t c^ and you'D have the 

Diviibr required y viz. 4 ^ — 2^+ 3« 

Sometimes Divifors may be Ibund more eaiily than by* 

thefe Rules« As if fome Letter in the propos'd Qpantity lie 

of only one t>imeniion, you may ieek for the gitateft com- 

' inon. Divifor of the Terms ip which that Letter is found^ 

^d of the KHmainii^ Terms in which it is not found ; for 

^ that Divif^ wiU divide the whole. And if there is no 

j\Kh conunQjn. Divifor, there will be no Divifor of the 

iijvbole. Fqx Example, if ther<e be propos'd the QoaiVtity 

S* -^ 3^*"~ i^dxx + 184'x — c«' ^:4cxx + 
4dcx — 64^f-*-84^, let there b^ fought the common 
Diviforof theTenhs --rjt* -^ dcxx'+S^acx'-^dd^c^ 
in which e is only of one Dimenfion, and of the remain- 
ing Tetms **-r3***' — 844^:^ + 184' :c — 84% and 
that Divifor^ viz. xx + 2 ax — 244, will divide the whole 
Quantity. 

But tfie gieatefl cqmmon Divifor of two Numbers, if it 

, is nor known [or. doea not ap^eatl at firft Sight, it is foond 

. 1)y a perpetual Subtradlion of the lefs from tlie|[itater, and 

of the Remainder from the [laft Quai^tity} fpbiniQed ; and 

that wj|I be the fought Divifor, which leaves nothing. Thus, 

, to §ni the wa^^ copamon Divifor of the Numbers 20^ 

and 66^^ iSJS^a£t thrice ^pj jQx>m 667, and the flemainder 

' 58 thrice firpm 40^, and the Remainder 29 twice fiom 58» 

and there ^ill irei^ain nothing 1 which ihews, that .29 i^ the 

Divifor fopght.V . 

After the (am^ Mariner the common Divifor in Species, 
when it is compounded, is found, by fubtrafiifig either 
Qjiantity, pr its lwli}ltiple^ from ^he other | if thofe Quan- 
tities and the Remainder bepfdef'd [ot rangdl acccoding 
to the Dimeniions of any Letter/ as is (hewn in Divifion, 
and be etfch Tiine manag'd by dividing them by all their 
l^iy^pfSi vrhicb sm either Sm^Ie, or divi)de each of its 




Terms as if it were a Simple one Tiim^ to find the gmteil 
commen Divifor of che NumeratiQi and DmoiainatQc of this 

Frafiion «i— ^ — . .. ,-^r" — • mi*- 

tiply the Denominator by x^ that its fkft Term may {>ecofne 
the fame with the firft Term of the Numerator. Then fij^ 
tmft it, and there uriU xemain —24^* + 124*4? — 8^^t 
which being righdy order'd by dividing by — 24, it be- 
-cooKS » ^ "^64 ^ X + iL4 '• Subtxad this from the Deno- 
minator, and there wul remgki •i-«45;r — 244« 4- 24 ^ ; 
which again divided by -«-4 becomes xx^ 24jr.— 2<4ii« 
Multiply this by x, that its firft Term may 'become the 
lame with the firft Term of the laft fabctaOed Qtiaptity 
X 1 ~ 644;r «f- 44 ', fi'om which it is to be £likewife] (^b^ 
toadied, and there will remain — 2 nxx-^^44x + 44 S 
which divided by — 2 4, becomes alfo xx^ 24;r— 244. 
And fiiKe this is the faqie with die former Remiunder, 
ind confcquently being fubtiafied firom it, will leave no- 
thing, it will be the DiinUbr fought; by which die pr<7pQs*tI 
Frafii>n, by dividing both the Numerator and Denomi. 
nator hj it, may he reduced to a more$imple onc^ t^f«^ to 
^* — 54flr-f 444. 

* — 34 

And lb, if you have tl^ Fradion 

64' ^154^ ^-^44^ f C—*I0<>4ttf^ 

94^h^-^27SidU^64hcC'¥i%hc^\ 
its Terms muft be firft abbreviatcii, by dividing the Name- 
tatof by 44f and the Oni^BMnator by %h :■ Jhm fidHraAinfir 
twice ?4'-^p44^—24cr + 6c* from 64* -(-i^44> 

—44ff.— 10 tcf, there will remain . '1 44 "^^0*'^^. 

^ ' + v5c ^— I2f ' 

.Which being ordered, by dividing each Tenif ]^j <^h A- 6c 
after the fame Way as if 5 {» +^ c was a fim^ Qp^^tv^ 
it becomes 3 44 «— 2 r r. This being nmltiply'd by 4, fuo- 

traAitfrom 34' — p44r^^24cr-4* ^^S aridthcrcwill 
remain "^^aac '\' 6c ', which being^af^ain ordered .by a 
Divifion by —3c, becomes alfo 344-— 2c£ry as'bcjfpre. 
Wherefore 344—- 2 cr is the piyifer fought. Which be- 
ing found, divide by it the Parts of the propoa'd Fnntton, 

and yw'll have ^^ — y^. 

Now, 
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Now, if a common Divifor cannot be found after tUs 
Way, it 13 certain there is none at aD ; unleft^ P^haps, ie 
be one of the Terms that abbreviate the Numerator and 
Denominator of the Fradion : As, if you have the Fradi- 

on i = ; 7, and fo difboTe its TermsL 

a^drding to the t)imeniions of the il, that the Numerator 

mqr become ^\idd T^f^^ and the Denominator 

— cc . "T ^ 

^t^U^lV'^- This muft firfl be abbreviated, bydi- 

viduigeach Term of the Numerator by 44 — cr, and each 

rf the Defiominator by 24-*-2f) juft as if 44-— fr and 

24—- 2r were iimple Quantities ; and fo, in Room of the 

Numerator there will come out dd-^cc^ and in Rootti of 

the Denominator 2dd'-^c€p from which^ thus prepar'd, no 

common TXvifor can be obtained. But, put of w Teims 

44 «— cc and' 24 — 2f, by which both the Numerator and 

Denominator are ablveviated, there comes oat a Dvrifbr^i 

viz^ 4^^^ c, by which theFradion may be reduc'd to this, trf& 

Mid + cdd — 4tf^-- r* ,.- .p ., . ' 

, — ■ . Now, if neither the Termi 

444— -2cr 

Md*-^cc and 24—2^ had not had a common Divifor,. 

the propos'd Fra^n would have been irredodbie, 

An^ this is a general Method of finding icommon Di- 

viibrs I but moA coinaionly they are moce esffeditioofly 

found by feeking all the prime Diviibrs of either of ttas 

Quantities^ that is, fuch as caimqt be divided by othenti 

and then by trying u any of them willdivide die other with- 

out a Remainder. Thus, to reduce r 

44«— 49 

to the kail Terms, yov muft find the Divilbrsiof the Ogmh 
tity 44 -— 4bj viz. 4 and d^^b; then you mofl try whe- 
ther cither 4, or 4— >(r, will aUb divide 4*«^44^-|-4t( 
•^M witbolit atqr Rdnainder. 
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Of the Redi^ction of Fractions 'to d 

common Denominator, 



« * 

R ACTIONS are reduc'd to a gommon Denominattor 
hy inultiplying the Terras of w:h by th§ Oei^ommatojc . 



F 

of the other. Thte, having 1 aiid i. ^, rijcfldply the Temu. 
of one - by rf, and alfo the Terms of the other ^ by' *, . 
and th^y will become ^-^ and .-^ whereof .the commop 
Denominator i» hi. And thus .a and ^^ or ^ and ^ 
feecome — and — . But where the Denominators have' a 
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Sommon Divifor, it is fufficient to niultiply th«ix altfemate- 

ly by the Quotients. Thus the Fraaion f-^ and 1-Vai» 

, i . . Ic hi ' 

icduc'd^o thefe ^ and ^, by multiplying altcniately 

hf the Quotients c and j, ariling by the Divifion of the 
Denominators by the cottiinon Divifor h* ' 

This Reduftion is . moftly of Ufe in the Addition and 
Subfiraflion of Fraatons, -which if they have different De- 
dominators, muft be firft reduc d to the fame rDenomlna- 

tar] before they can he added. Thus ^+ f by Reduaion 

« ^i , ic ai + hc ' 4b 

^^ hi'^yi' ^^ "*T5~r *?^ "• + "7 becomes 

' . And r; r-^ becomes ^ ,. ^^'or- -^»'. 

c he hi ifc'i'K -i.yA. bci * 

^-+1 becomes H + £5 ^,M±^^ ^,-„ £P 

9.7 21 21* 21 * ' 21* 

And y-ibecoiae5??-i., or ^3. And 1 - -1 

becomes 



/ 



lecou^t — — ; ^, Of -i, thai 
5 



4 ■ ji 21 4. S"* t 

f^ + --i becomes —-+•»* or. — . And 2%- becomel 
t 7 7 7 7 'a 

Whctc thete ate mote Piaaions [thin two] tlicy afc to 
be added gradtiany. Thus, having - i— 4 ^ ^— - — - ; 

from — take a^ and there will reoiain > "^ — ; to thit 

add i -and there wiD coiiie out ^ , ' ■ ^ 

• 34 34X • 

from whence, laflly, take away , and there will t^ 

main 2 . ! Z^^ — u- — 4 And fo if you hav6 

344Ar— «34X« 

3---.—, firft, you are to find the Aggregate of 5-^, M'ti 
/ ^ / 

_, and then to take from it — , and there will temain — • 

Of the ReDWCTIoM t>f RAbiCAL C^tf;!^ 

f ;f/>j'3 te? their leajl Terms* 

A Radical [Quantity J where the Root of the whole can^ 
/\ not be cxtraded, is performed by extraflinji; the Root 
of (ome Divifor [of it]» Thus Va^hc^ by cxtraSing the 
Root of the iCHvifor 44, becomes ax/hc. And 1/48, by ei- 
tracing the Root of the Divifor 16, becomes 4V3. Arid 
V^SAdbCy by ewraaing the Root of the Divifor 1644, bd- 

comes ^aVihcc. And f/ ^ ^ ' •-• ■ ■ , by ct* 

tra^g the Root of Its Divifot ll!ll^ — - -^, bccbmea 



rr 



i . .. I f - 

— -- V4KAnd '^ + 2 , by extrafting the 

H tloot 
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Xoot of the Divifor •- , becomei — ^oO'^-AmfU 

And e^'^, by cxtraaing the Root of the Divilbr ?S be^ 

comes — v^-, or --4/-, and by yet extiaAine the Root 
7 .2' 7 4 

of the Denominator, it becomes — V6. And fo aV—y or 

#V— , by extrafling the Root of the Denominator, becomes 

Vdh. And v^S^^i ^ 1611% by cxtraflii^ the Cube 

Root of its Divifor 84% becomes zAyb -^ 24. And 

4 
not unlike [this] y 4 ^ x, by extrading tjie. Square Root 

of its Divifor 4 4, becomes y4 into y4«, or by extrad- 
ihg die Biquadratick Root of the Divifor 4^, it becoioQi 

4 ^ 6 6 

^y^. And fo \^4''x^ is chang'd into ayax^j or 

4' 

into 4J^V-, or into y4;if, XV 44i. 

Moreover, this Redudion is not only of Ufe for abbre- 
viating of Radical Quantities, but alfo for their Addition 
and Subtraction, if they agree in their Roots when they are 
reduced to the moft fimple Formj^ for then^they may be 
added, which otherwife they cannotr Thus, 1/48 + y 75 
by Redudion becomes 4V3 + 5 V^, that is, pv^j. And 

V48 — y — by Redudbn becomes 4 V:} — - •3, th^^ ia^ 
5-V3. And thu,, ^i^ +*/^Jl±Ml!ttiit', 

yj eg W, gQ 

ab 
by extia&ing what i» Rational in k, becomes — %^dh -^ 

c 

, -. 3 

^VAKximh'-VaK And t^84»fc + 164* — 

C € 

? ^ ^ , 

Vh^ + 2 4^' becomes %dVh -^ ^4 — t 1^ti+ aA 
^hatifj 24i.-*t/ipf^24. 



Of the REDUCTION of kADlGAL C^tfnfi- 
ttes'] to the fame Denomination. 

WHEN you ait to multiply or divide Radicals of « 
difierent Denomination, you muft [firfl] reduce them 
to the fame Denomination, by prefixing tha^t Radical Sim 
whofe Index is the feafl Number, which their Indices divide 
without a Remainder, and by multiplying the Quantities 
under the Signs fo many times, excepting one, as that Index 

is become greater. For fo Vax^dax becomes ^ n\^i 

into 1/4 * « jp, that is, >/n^ x^. And ^a into ^4x 
becomes V44 into V/i*, that is, v'ii'x And v^d. in* 
to V'g- becomes ^/jg into y^^ that is, v^ 30, By 

the fame Realbn, dVhc Becomes •44 into •t^, diat is, 
'Vdsbc* And 44V^3ii' becomes V1644 into y^ftr, that 

M V4844lrr. And 241/t + 2a becomes y84* into 

v^t-h 24, thatis, i/8-i*i + i64^ Andfo^bc- 

<^^Ma«» -TTTt o'^ r ir.» And , ^ ■■ becomes /^ ■■, 
ox \^2 4 b. And fo in others. 

0/ the Reduction c/ Radicals to more 

fimple Radicals^ by the ExtraSion of Roots, 

THE Roots of Qnntities, which are compos'd of In- 
tegers and Radical Qpa(iraticks, exfraft thus : Let A 
denote the gieateir Pjat of any Quantity, and B the Icffer 

Pa«; and — "^^^^""^^ wUl be the Square of the 
greater Part of the Root ; and ^ — ^AA— fiB ^.^ ^ 

2 

^e Square of the Icffer Part, which is to be joyrfd to the 

H 2 . gieatec 
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peater Part vith the Sign of B* As if the Quantity hp 

3+^8, by writing 3 for A, and •$ for B, v'AA— 3B = i, 
and thioKc the Square of the greater Pa^ of the Root 

? — — , that is, 2, and the Sqyare of the lef? ^^^^ that 

is, I. Therefore the Ro^ is i+V^2. Again, if you are 
to extrafi: the Root of 1/32 — V^24, by putting v^52 fo? A, 

and %/24 for B, vXaTIIBB will — v^8, ?nd thence 

—2--, — .-1 and ^ , , that 18, 3y2 and V2 will be 
2 2 ^ 

the Squ^ea of the Pans of the Root. The Root therefore is 

4 4 ! ' 

T18— y2. After the fame n^anner, if, opt of ^4 *^ 

2X\^d4^xx yo o are to ^xtraft thfB Rqot, for A write 44 

and for B 2;^ v^i^ — «.«, and AA — BB wiDris 4* — • 
A4dxx + 4ir *, the Root wHercoris 44 -^ 2**-. Whence 
tnp Squate of One Part of the Root will be 44'^ xx^ 
abd th at of the other ^x ; and fd the Root [m^II bej 

X'J^ V^44*^xx» Again, if you have 44+t^4X — y 

124 ^ 4x + ^xx^ ^ by ' writing 4 4\^4x for A, anA 

24y/ 4X \ £i^xx for B, AA — BB will = 4 ^ + 64^0? 
-f p 44!t.v, whofe Root; is 44 4- ^ 4 X. Whence the Square of 
the greater Fart of the Root will be 44 -H 4 4 a?, and that oF 

the leffer Part 4 jit, and the Roof \/li^i^r^4X'r^^ 4x. 
llaQly, if you have 4 4" y8— y 1 2 ^ ^ y 24, putting 

6 + 1/? ?= A, and — 1/12— .^/h —t, A A -^ sj 

=r 8 9 whence the greater Part of the Root ia 1/3 + y8, 
that is as above 1+^2, and the leffer Part y 3, aini confc* 
quently the Root it felf \^W2 •— y?. But where there 
ajte more of this fort of Radical Terms, the Parts of the 
Root may he fooner found, by dividing the Produfl of any 
two of the Radicals by ibme third Radical, which [ihall] pro- 
dqce a Rational and Intege^ Qjjotient. For the ||loot of that 

Quotient will te dpuble of the Part of the Root fought. As 

in the lafl Example, 



y8 xyia ysx y24 

^ = 2. *— ^— j -i s= 



y24 yi2 

And ^^^+ = 6. Therefore thp Parts of the Root 
are i, y2, yj as above. 



T'^i? 
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Tl^e is aifo a Rule of extrafling higher Roots out of 
Numeral Qoantities [confiiUng] of two Parts,- whofe Squares 
are commenfurable* Lectherebe the Qiantity A+B. And 
its greater Part A. And the Index of the Root to be ez^ 
traded c. Seek the leafl Number N, whofe Power Nr it 
[may be]J divided by AA— 'BB, without any Remainder, 



and let the Quotient be Q, Compute ^k + B >c VQ ia 
the neareii Integer Numbers. Let it be r. Divide AVQ^ 
by the greateft rational Divifor* Let the Qpotient be /, and 

let "" in the next greateft Integers be [called;] f, A>4 

2i 

— = — r- — will be the Root foughL if the Root can b^ 

** 

VQ. 

excrafied. 

As if the Cube Root be to be extraded put of yp6S + 25 \ 
AA — BB will =t 343 3 and 7, 7,7 will be its D ivifois j 

thiercfofe N == 7 and Q^=r !• Moreover, A +B x V'Q, 
qt Vp6S + 25, having extra^ed the former Part of die 
Root is a little greater than ^6, and its Cube Root in thcr 
neareft Numbers is 4 J therefore r = 4. Moreover, Av'Q,, 
or Vpd^j by taking out whatever is Rational, becomes 

Z2V2. Therefore ^2 its Radical Part is /, and ^ "" ^ 

2/ 

ojr ~^* in the qearefi Integer Numbers is 2, Therefiae 

tx2. La%, ts is 2V^2, vttss — n is i, and VQ^ or 

Vi, is I. Therefore 21/2+ 1 ip the Root fought, if it can 
be txtrafted. I try therefore by Multiplication if the Cvibe 
of 2y2-^i be ^9681+25, ao4 it iiiccecds. 

Again, if the Cube Root^s to be extrafited out of 68t- 
1/4374, AA — BB will be :;=: 250, whofe Divirors are 
S»5,5,2. Therefore N=: 5 X 2= 10, and 0^—4, And 

f . 3 • . " 

^A ■+ B X VQ, or ^^^68 + ^4374 >< 2 in the nearefl Inte- 
ger J^Iumbers is 7 — r. Moreover, I/VVQ* ^^ 68V4, by 



'<x taking out] what is Rational, baoomts i)6Vi; 

ft * 

Therefim s^i^ taid -JJL, or 2J_i, in the ncarefl Inte» 

21 a 

gm Numbers is 4 ;^ r. Thcitfivc r*— 4, V^rr/itrr^n ;;? V6, 
tad yQ^=: y4, or y 3 5 an4 fo the Root to be try'd is 



3. » 



r 2 

Again, if the fifth Root be to be extraftcd out 
of 29V6 + 41 y3 5 AA — BB will be =;;: 3, and confe- 
qucntly N == 3, Q— 81, r = 5, / = y6, r = i, tiji^siVS, 

Vttss — ifa^yj, and yQ.c=ySij ory^j and lb the 

V6 4" y 3 
Root to be try'd is } '.. 

But if in thefe Sorts of Operations, the Qpantity be a 
Fraction, or ks Parts have a (\>inmon Dirifor, excra^l fe- 
^ately the Rbqcs ot the Terms, and df the Factors, 
A« if theOjbc Root be to be extrafled out of y24'2 — I2yt 
tSiis, having leduc'd its Parts to a common Denominator, 

mil become --2 — THJ ^ Jhotx having extraScd feparatc^ 

ly the. Cube Root <^ the Numerator and the Denominator, 

2y2 — I 

ther^ will conie /©ut ^ \ Agaitt, if you axe to ex- 

y2 

ttnSt any Root out of y39P3 + y 17*578 125 ; divide the 

3 * 
Parts by the common Divifor y3, and the^ will come out 

ii+yi25. Whence the propos*d Quantity is y3 into 
II 4" V125, whofe Root will be foundty extrading fepa^ 

rately the Tioqt of each^Fadoc y^^ and 1 1 -+ Vi^S* 



Of 



C55] 

t 

Of the Form of an ^EojlATioit. 

TT^QUATIONS, which art citftcr two RiiibTif 

JCxJa Qi^'^rities, equal to one another, or ont Aank taken 

equal to nothing, are to be coniiderd chiefl]^ s^er two 

'Ways ; either as the laA Concldions to which jroB come in 

the Reiblation of Problems ; or as Means, by the HeJ|) whera^ 

6f you are to obtain [other] final i£quationi. An ifqti^* 

tion of die former Kind is composed only out cfoneunknown 

QiOnrity involved with, known ones, If the Problem be 

determin'd, and tnopofes fomething ceitain to be found out. 

But thofe of the latter Kind involve feveral unkno^vn C^an^ 

titles, whidi, for that Reafixi, miiA be oompar'd among one 

another, and (bconneded, that out of all there may emerge 

a new .£qoation, in which there is only one unlmown 

Quantity which we feek ; [and] that ^Equation muft be 

tramfbrm'd moft commonly various Ways, nntitl it becodiet 

the moft Simfde that it can, and aJfo like fome of the ^^ 

lowing Degrees of them, in which x denotes the Quantity 

fought, according to whofe Dimeniions the Terms, as you 

fee, are ordered, [or rang'd] and p, j, r, i, [denote] any o- 

ther Quantities fn^n which, being known and deteraiin'd, 9^ 

is alfo determined, and may be iavefligated by Methods 

hereafter to be explained. 

*• rsj^. Or, ;ir— p-rrOf 

Af'=;p;i:! + ^*4-r. x^ — ^xs^-^qx — r=o. 

**=:[w' +^**+rA;+/. at^^a;' — qx^ — rx — /ssO- 
&c. &c. 

After this Manner therefore the Terms of Aquations are 
to b9 reduced, [or order'd] acceding to the Diihenfionsof 
the unknown Quantity, fo that [thofe] may be in the firft 
Place, in which the unknown Quantity is of the nioft Di- 
menfions, as x^ xx^ x\ *'^, &c. and thofe in the fccond 
Place, in which [^x] is df the next greatefl Diaienfion, and 
fo on« As to wliat regards the Signs, , they may Hand any 
how ; and one or more of the intermediateTerms may be 
fomf^times wianting. Thus, x ' j^f.-^ fc^;^ ^ j ' ^r o, or 
X ' ss hk^'^b* , is an i£!quatk>n: ofi tine third JDiegreei and 



Z* i.{ ^* * i jJ*==o, is an jEquation of the fbafth D*- 

gtee. For theDegree of an ifiquation is always e/timated b^ 
the greateA Dimenfibn of the unknown Quantity^ without 
any Regard to the known ones, or to the internifediate Terms* 
But by the Defeat of the intermediate Terms, theiEqiiation 
is moA commonly rendered much more limple, and may be 
^metimes deprefs'd to a lower Degree^ Fof thus, x^ :tA 
qxx^s is to be reckon'd an ^Equation of the fecond De-* 
grce, becaufe ic may be refolvjd into two i£quations of the 
fecond Degree. For, fuppoiins xxssy^ and y being ac-*- 
cordingly writ for iVj^ in that ifequation, there will come 
out in its Aead jyisi^j -^ s^ an ^Equation of the fecond 
Degree j by the Help whereof when j is found, the iEqua- 
tion ^Xssjf alfo of the fecond Degree, will give x. 

And theie are the G>ncltifions to which Problems are t<y 
be brought. But before I go upon their Refolution, it will 
be neceUary to fhew the Methods of transforming' and re* 
ducing j9^uations into Or Jer, and the Methods of finding 
the final itquations. I ihall comprize the Redudion of a 
Simple ifiquation in the following Rules. t 

. Of ordering^ [or managing] S<c. a Simple 

iEaUATION. 

• 

Rule I. TF there are any Quantities that deflroy one a* 

X nother, or may be joyn'd into one by Addiri* 

on or Subtraction, the Terms are that Way to be diminilh'd 

[orreduc'd], Asif you have ^t — j^-j." 2;<f = 54 + 3;^, 

take from each Side ^x^ and add 3 4, and there will come 

• « 1 t. •% ^ 2db *l- bx , , 

out 5 fc = 84 + ;»:. And thus, — « 2^ cs 4 -h ^, 

24& 

by Ariking out the equivalent Quantities — *^h^s:h^ht» 

h X 

comes -^ t= 4* 
a 

To this Rule may alfo be referred the Ordering [or Ma- 
nagement] of the Terms of an itquation, which is ufually 
perform'd by the Tranfpofition of the Members to the con- 
trary Sides under the contrary Sign. As if you had the 
^Equation ^bzmS^^ x^ you are to find x j take firom each 

Sids 



Wifi ^^ t>r^; yrfxtcb is tbe fame tbing, .teanfpofe:84 to the* 
contrary Side with its. Sign chang'd, and there will come 
out 54^84 s:X After the (ante Way, if you hfiii^i 
44 — 34jf -=4^*— i^ + ^jf) and you arc to find jf ; tranf- 
pc4e rfrHAj aM ij( — (i» fo that tb^ may be the Tesn|a 
niuftiply'd by jp on the one Side, and the other Terms on tbc 
Other.Sidf, and there wiD come out 44— -4!^ -^ ^^^ 3^J 
4^ ly, Whence you'D have ;r by the fifth Rule following, t/i^T 
by 4iM4|ng c^<^h P^ by 3 4 -h ft, for there will come out 

" tf * ^ * — ssjf. And thus the i£quation dbx^a^ 
^Mii44^:ss4ftft^^-^2'<ifcr«^«'S by due ordering and trasif* 
pofition becomeif jr»'~ ^^^f Jr"r^,,, or ;tf*T jffi. * 
+ 4* ' ^ 

R;irf. S Vf. 'I£ there StPany Cipantity by whidi all theTerhis. 
of ^'jGqoatibti ar^ maltiply'd, all '6Pt)ieiii^aHift be divide 
cd-'bf that Qpanll^'v ^n if iU «re dividisd b? the hmi 
Quamitf,»di muft^^'ktoltiply*^ bjr it too. Thlw, having 
t^ht—H4i ^^Ix; tlRvide all the Tex^ by i^; ahd 
you'Ebay^ i.5Jrp:.244 4i?'Jv y then fay ^3, and yoa'U have 



\ 



Ji\ f^'.. •■ i !■ 



Ir' Irlrap . lr;r 



<ft =r 841 + * ; or, havinff =s - , multiply all 

• » * ^ ^ 

py r, and "tncre comes out — — — = xx. 

^— ... -« >. . 4 . c 

'Ruiirtn. If dJbe bVany.inediKibte Fraftion, in whofe 
Dehbixdnator Acre isT5und the Letter {unknown]; accord- 
ing to whoie Dimenfions the [whole] ifiquation is to b^ 
oraer'd roriani'di;' iflm^TCTixis of tl 



for 'ranged]/ iD'ihfeTCTms of the iBquat^^^^ muft be 
iiuiltipty^d by that Cknohdintor, or hy fome Divifbr of it^ 

Xs if the iqiution •■ ^ - +t==^' be to be ordered for 

j^^ktoidiiig td^, itiultiply all itii Terms by 4 ~ x the 

J[>enQmiQ9torof the^Fra<9ion — — , and there comes out 

4;i+4fr*4.i.vr=>;r'v-*jf, or dh^^hx^'^xxj and 
tianipofing each Part, [yoy'lj have] xx — fcjf — 4t. And 

foif jmi Iww ■' '> ,. •*-"^ sry — ^, and the Terms aie to be 



zay'rrCc , 



aidef^l (or lai^'d] . according to [the Dimenfions of J j^ 
multiply tfien^by iBf Distigmipator acj^-^cf, or^ at leaft, 
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b)p Its DivUbt 2^ ^ Cf tfnt 7 msiy vaftifli in Ae DMoM^ 
tntor, and tnere «#J0 eome out > ■ ■ r aag>y*'r3ry 

•+^f, and by farthet ordenng ■ . '» -*^ ^ f 4» J tf j^ 



4^4 



^2yj. After. tRV feme manner — r-» 4 5- Xy tjf 



;» 



multiply'd by x. becomes 44—- 4X= ;tXt and-^ 



k»^ 



■Vi^^ y MinoaiHpljk^ firft hf iifi^^ and dtwvbjl 4w^A 

7. . . 4 't> + 44^^—4^** ^ -li ; I 

— *, it becomes ' ■ ' i' — — ^m * -^ g-. x*. 

Rule IV. If that [particular] Letter, accord£ngt(%VliQ& 
PimcDfiom ths i^qyac^pn is to berosdor^d [nrtsint'l^Ml^ 
iiiyolv'd with a^ inpeducible &cd^ 9]! tbt other liriMiito 
to be nranfpos'd 10 the other Side, their Signs being chmV^ 
4nd each Part of the JSm^<^ flUiO ^ on^ IOuhi|tf *4>by 
it ftlf , if the Roqt U a fquaj^ ^9^ 01; twioe iC ii bc/aiC^ 

Bkkcnty ^^. Thin, to osdcr die iEquatiM Vsd'^^Jt 
^dszXi according » tfc e Letter x ^ tcurfpofe f to th^ c^i^ 

Side, and you have V4 4 «*-;!«:=:.«'— 4 { and having 
fauar*d the Parts 44i^4;(stariV-^24X + 44L, or 0;s5i 

af« — 4;^,, that.ia^ xxzd. So alio V^JiJUrl- ^^^IT^ ' 
— 4+a:=:0, by. tranTpofing. — 444ij^ * it ftpWWF 

^AAx^ ZAxx-^x^ =; 4- — ;r^ jina nwiWplyihg ^^l^irfa 
Cubically akx^X^xx — ^1:^=34' -^544^? + XA^f-r: 

*', ^x »x:=^*Xr-A*. An4 fo J -if^flf + w— 4V?I^ 
having fquar'd.thePfu*pi becomes- j9(=?4p^-hM^A^4lrT;rMr 



i/^j-^y^, or >-= i/4y— jj, s<nd the P^s tcSttgf'ifeitii 
filuarU >y,ss; 4; — *yjt ; and la%, hy tnurfjpofiqgjgf j( a=#jt 

Rule V. TheTerms, by help of .^ preceding Kulei, 
being difposi'd £orir^d} according to the.DUenfipidi^f 
fome one of tne letters, if the hignelt Dimenliox) 9C (hat 
letter l)c mnkiply'd by any fcnowiQpantity.th^. Whole; i!P- 
qu^tton omft be- divided by ;htt Qitotity. • Thus/ ^y= ^, 

' \ by 
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ly dividing l9 3)U(^oiM>«: I Ai]d^s4, ty^ 

viding by ^, becomei «= j. And ^^^*' ^^^^«jr 

+ 44cr*~^'^^=^ ^ dividing by 24e—€Cj bc- 
. '^dc •+4* '*— 24*r- 1 ^ 

COmO ~Cg +44C^ +44fg sO» Of 

,+4'+*4r 4'f 

y ^ ■ >' ■ ■ -IC4C«p-*444r*f^— — 38CX-. 

Rule VI. Sometimes the Hedu^on may be peifcirm'd 
hf diiiS^ding the JSqmwo by ibme coqipomdcd Qnntitr 

Foe tiittt^ J ? -s T l^yy + i hey^hhc^ k nincTA to ii^ 

t^ jy^2<j +hc^ by tnntfening til the Terms to the 

Grw Side tbui, 7 ' •**, > i;f r-j J^jH^** ^ ^r o,and dividing 

fey V^ft, as is fllewn in die Chapter tsfDMfim ; ibr there 
viriO coioe cue ^y + 2cy-^hc= c But the Invention of 
this Soit of DivifoM ii 4il!bilfy and is more fidl; taiig^Mt 
^ewhere. 

RutB VH, Sometimes alfo the Reduftion is perfonrfd 
by Excxaaion of the Root opt of each Part of the i£quar 
tioa As if you have ;r;t'=: f 44 — hh havin g extrafted 

die Root on both Sides, there comes out ;ir=r v ^44— -&|r« 
If you hiBLytx»^44 = 24:^ -^ tb, tranfppfe 24;ir [to the 
odmSd^ and there will arife xx — ikst. -f ^^ :=:h\ and 
cxtra£ttng the Roots of the Rirts ;r-^4 2:--)-, or«^£, or 
x:=:4±,b* So alfo having tcaf^sd^-^hk^ addopeach 
Side «^4af 4-^44, and there comes out xx^^mx 4- ^44 
ss:i44 — hb^ and ei^dading the Rooton each 5ide x*-»|^ 

^sQ±\^^dM'^bb^ or ;r;Kf#±Vi44— tK 

And dns univerfidJy if |oq have xx^ 'px*q, x will be 



but I pp mnfl be always made Affirmative. An(i this Ex- 
simple is a Ri^ ac<?ording to which [or like to which] all 
jQpadratkk iEquati^ni ma^ be reduc'^d to the Form of Sifn- 

' ' '■' - ' ■ 1 4 ' ^ ' ' - pie 



pk.ones. Thmfeve, havii^ propos'4 tlie iEq^alaon jf j as 
• — 4 + xx^ to ta^ssiSt the Root ;p, compare with p, 

tbatis, write . — fin fp, and — +;r;^ fiur Ipgff^ and 

4 .44 

' I 

thcic wUl arife tsr — + r — + x*, Or jas - — 

^ , 4 . 44 ' ^ 4 



r^+xx* After the fame Way, the ^Equation jrjr — 

44 

4;i— 2^7 -h44 — rf; by compafing^'4-^i2c with p, and 

44 — tftf With^ Willgivc jjfs=:|4f— tf +V^44. — 4r» 

Moreover, «c Biqaadratick iEq^ation x^z=: — 44xx 
'4-4^% whofe odd Termsare wantii^g^ by help of thi» 

Rule becomes xx^^^jd a +V^^4^ + ^tS anditttrnft- 

ing again the Root x = r — l^f ± v^j4*+4A.V A«d 

fo in others. 

Aiid thefe are the Rules Soi otdering one only iEquationL 
the Ufe whereof, when the Analyft is. fufEciendy acquainted 
with| fo that he knows how to wpofe any pcopos'd Mqmr 
tion according, to any of the Letters oootain'd in it^ and to 
obtain the Value of that Letter if it be of one Dimen6on^ 
or of its ereateft Power if it be of more ; the Cpmpaufon 
of* feveral i^quations among one another will not be dOH- 
cult to him, whkh I an^ now going to fliew. 

Of the Transformation of two or more MqX(A- 
TioNs into onij in otder to exterminate the 
unknown Quantities. 

WHEN in the Solution of istny Problem, there are more 
^Equations than one to comprehend the State of the 
Qpeftion, in - each of which there are feveral unknown 
Qiiantities ; thofe ^Equations (two« by two, if there are 
'more than two) are to be fo conneded, that one of the un- 
known Quantities may be made to vaniih at f ach of the 
Operations, and fo produce a new iGquation* T hps^ having 
the Equations 2A?c=y + ^> *nd ;rs=:jf + 2, by taking oa 
equal things out of equal Things, there will come out 



^ac $• And yoD aie to hiow^ that bJr/^1i\£q[iiaidoir one 
unknown Qpandty may be taken away, and conlequaitlyy 
when tbcre are as many jE quatioia at taiknown Qiianuticay 
all may at length be redoc'd into one, in which there IhaU 
he only one Qpantity wknown. But if diere be more on-' 
known Qnanticies by one than there ai^ jfquationa, thai 
there will remain in the ^Equation laA refulting two un- 
known Qoantities ; and if there are more [onlmowrt Qpaii* 
titles] by two than there are ^Equations, ihapt in the lall 
refvitinf, ^Equation there will remain three ; and fo on. 

Thc^e may alfo, perhaps, two or more unknown QiaD- 
titfees be made to vanifh, by only two jfiquations. As l£ 
yoiphjire ax—^hy^^ab^^^i^ and ^x^by^zhb-^^M^i 
then addiiig; Equm to^E^als, there idtl come out itx-\- 
hxsrdh+H, y aiid « being exterminated. , 3ut fuch Ca(^ 
either argUe fome Fault to lie hid in the State of [the C^e- 
Aiofiy or that the Calculation is erroneous, or not artificial 
enough. ' The Method by which one unknown Qaxttaq^ 
may be [exterminated or] taken away by each of the jfipm* 
tions* wul appear by what follows. 

Ths .Eietermtnathn ef an unkntwn Quantity kf 

an Equamj of its J^MlueSk ' / 

WHEN the Quantity to be exterminated if only oFnnie 
Dimenfion in both itquations, both its Yaiuea ait 
to be fought by the Rules already de{ivcs*d^ and the ory 
made equal to the other. 

Thus, putting 4 + XzrzhA- 7, and 2^ -f y^ 3^9 that jr 
may be exterminated, the firft i£qu^4on wnl give 4+> 
•— i>s:y, and the fecond will give ijt — 2* =y. "There* 
fcie M + «*-«f 15= 3 5^-*- 2x^ or by {duejroidering x si 

1 . . . / 

Aid thos^ 2 .r r=yy and 5 +;r=:y, give 2flp=:$ + *, 
or M'Si^i 

MX ^''^dh 

And dx-^ihysrzuh, znd xj z;zHm V^ " ^ ^ 

■ , ■ ^9 ' 

hb 
(=:>) = — ; and )>1. [due] ordering [jthe Tenm] ^flp-r* 

»*= , or] jf*»- »*-**— —0.^ 

Alfo 



•ie, gwe « + y (^ ») -s ^, 0* ** + xy = it. ' 

^ J y Tlie faiw il aJfo ^pfrform'd by futeafting cidwt of the Va« 
iiqm of the mbiown QtmmitiM fjiojoi. i& oihcr^ «nd msdtifig 
-Ac Reimindfr cqij^l to nothing. TJujs, in tfec. &ft ofi.thc 
JBx^ofplci, tdw jivray 3* — a#^ fro*t n 4- /r ---^ agnd thcic 






f • • • • . , ^ 

tilt,. ' ' ■ • ■ . . J ' . 

Tift ExUrthination of aHnnknown Quantity by 

fubflitutingits Value for iu 

WHEN, at leafl, in one*cj*^ j£quttioiis^ the Qnin* 
tity tp U i^rtcxoiiwted w wly of one Dimenfim, 
its Value is to be fought in that iEqusition, and then to be 
&I?#in;iftcd to x^ j^m jUi the other ^qoation. ThiM» 
M% F^PW'd *;ji5;;J%.apd ^^-^jj^hy^d^c^ to 

^tterminate ;», the firft wffl give — = *• ; wherefore \ fuB- 
flitutc in the fectini ^ in Ab Room of ^, ani ti^fj jc^oies 
^* ri +^J'»>J>^ T^» and by Rcdu8i4»^f ^ ij^ 4- 

Put having proposed ajj + ii4;i=:«:.',and;fai^4y;=^4j&, 
to take away t, the fecond will give j — -^^•r Whci©' 

Ibnp for jf 1 fabftitiite -^^ intq the firfl, and IHerc comci 

^ ^ ' ****^i'i' -f ^-^= * '. And By -Rcduaion, 

t*— 24*4-44 »♦— 4 ' ^ 

ft* — 24*' +44*»--2*1«-H/'*-W0. , 

• In 



t ^ i 









•r* t 



i aTPerfin liTed tdthifis'' Sorts of Soipputatiom, . wii[ 
aVi5difcd*lh<«^.Nfethcrf^^ [thantfefej ^W ^hich the, 



fil^ofki J^untiofl^ and. there fMia <»Q|.Trj|i 4r ^^^ 

Ba^ I le^ve faztibCd]ai^£}ii^ of tlmKiiid fobc feandroiM- 
Ti&^ Extermination of an unknown Quafi&i 






f 



I ■ 1 • ■ T • 

rtiet^^flk Opii^titjrfe be [eiftermlnated orj iakcfi 

qnatiana, the Value of its greateft Power muft be fought in 

bPth^ t*5^ if ''^/®x'5P2f?i^* »?«^Ae/ame,.^theificipfr 
ti6hthatanvoNes*thS jelier Power muit be multiply 'd by 

the Quantity to be taken away, or bylcs .Square, or Cube^ 

C^n fhifcrit^inqf bec^e^TfHJhe fanie Power Wtbtte bmef 

jEquatioQ^. T|icn the Values oFthofe Powers axe to be made 

Equal, and tbeie i^ comer«out ^ pew j£quatipn,. wbexs&i^ 

«reitc3f W^«rJf or DimeriSbn^ of the Quantity to be taken 

away is diminifh'd. And by r&peating this Operation, th^ 

C^mitgr^wiU atleog^h be t^lieii aifiy.Ln!: « , ^ ^ 

As if you have Af AT + ^^'sz^jy^ and 2Ary--^^A(AP^4, 

to take away Xj the/firft .[i£quationl will give * x^i± 

— 5jr + 3;iy, and the fecond xx^z — — -\ I Jput 

3 

i&i^aj jyjf^ «|aBitiL -»— 2^-^^^f wid'4b * 21 Yedoc'rfto 

only one Dimenfion, and fo m&y be taken away, by what 
I ltaTt^Bbt>il^tlKWit,'f;{;L« ' fcy 4 4u6 lUltiStion oF the fall 
jij^piation there comes out P7J~.I5^=: 2Ar7<— 4, or 



A^ss 



x^^llZS^ I tbnefcKc fubf^t?^ tIittV4l«K.^or x in 
one <^ the iEquttions Arft propot'd, (u in «.v + ^^=377> 

«id there arif« ^^^^' j"^^^^ ^ ^^ + 41Z>±3?^ 
^ , 417 + ^^^ + 225 ^ 27+15 y^ 

To radite which into Qidcir, I multiply by 47 V + 66 ^> 




T^^J-^Ji * 15 ^ a^ay,^ 1 nudtjipJi.W latter ^^uaiiqrri. 
gr 7, and you have y* z=:xxy — xjy — 37, ^f as many 
Pimenfioot wt^t fbmker. NoMtv^^bj^imking die VsAiiis of 
7 * equal to one another, I have^jryyHr ix±ixxj*'^xyy 
-tff^jj wbefcjriia ^^eprefs'd to^wrODimenfiorti. Bythi^ 
therefore, and the moft Simple 'oirk of the SifpXfSiisM QOk 
propoi'd 77 = ^Ar— .V7— .:j, the Quantity 7 may be 
wholly taken'away by the fame Method ai in the former 

^iTficre arc moreover other Xfc^hodf by which this may 
be done, and that oftentimes iiiore' coi^cifely. As therefore^ 

be extirp^ed, txxn& the Root j in each, as is Ihswh in the 



j«-j. 



7th Rule, and there will come out 7 «= '- + 1^1' + i^^ 




J's=*+'fr-*- + «x. Now, Iqf msittng theft two 






va*. of ^ «iqt«Vyou'ji tave ,^+/^i: 4^*>;^;4i 



^— +^**f and by reje^ing the equat QunUties 

. J» • "" . . -. f . . » Ij. • i . ' V- . > 5 ' 1: • • .■ .: • 

jry;^ ^ . ji"^ - . 

r ~ + *• ^, 'thcrie will remain — = ;», or *;^ s: 4 «, and 

^==^4. • : '-' ' ...-.' ^ ■ ■ 

. Moreover, to take 4? out of tlie iftqaatiofu « +f +^ 
=^ 2c, sni :v*4.jfj, + L_- j^,,' takeiwayj fton the 






irA iEquation, and there rcmaiiis ;t+^t=:io — tl arid 

^. fqtering the Parts .t ir + 2;fjf 4 ^ -z 400 — 40^ + j^-, and 
taking away jj dn both Sides, there remains xx\ jj\ 

iy jy 

-— j--=£:430 — 4o> Wherefore, finae400— 40^, and 

t40 ire cqiial to the fanie Quantities, 400—407 will ;:= 
140, or j = 6 f ;' and fb you may contraS the Matter in moft 
bther ^Equations. 

But when the Quantity to be actcrminated is of fcvcral 
Pinienfions, ronietimes there is requite a Very laborio'ua 
Calculus to exterminate it out of the .Equations ; but then 
the Labour will be much diminilh'd by the following Ex- 
amples made Ufe of as Rules* ' ' "^ 

• 

iRtlLE/t. 

X being exterminated, there comes out 



• dh^bg — 2df W dh -^ bh^cg:yLhf + agg + cff 

■ X C =;= 0.' 

■ * % 

Rule \h 

t^rom Mx^ -f hxx + ex + i=o^m^fxx + gX'\-h-£:oi 
X bein g exterminated, theire comes out 

ah.^bg ^ 2cf x ah h + bh-^ cg-^ jdf'i c bfh + 

'^h^dgycagg^cfl + Z^gk-^bll + dff^if^Oi 

• ■ 

Rule Ilh 

hsottiax^ ^b^'^^cxx + t/* + r = o, and fxx-^-gx 

+ 4 = 0. - .. ^ 

;r being exterminated, there comes oiit 

ah-^b g-^zcf ^_^h_^_:±^h-^cg — 2d f K bfhh + 

*£i + ^ f / X c hf^ dg h-^reg g —- aTf g-f 3 agh-f bgg-^dff 

iCdfh'\-2ahk'Yj'bi^h'-'dfg\-cffyi eff ^bg-^iah 

fe RuiB 



Rule IV. 

X being exterminated, there comes 6ut • 

X 4[gi^0. 

For Example, to cxterminnte jir out of the ^qinttom 

xx-^ '^x — ^iyy =zOy and 3 at^— 2j:)f + 4 = : I 
refpeaiveJy fubftitute in the fitft Rule for 4, t, f 5 f, ^, 
and h [thefe Quantities, t/i?;.] i, 5^ — 3» ; 3, — 2;' and 
4 ; and duly obferving th e Signs -\' and — ,^ there arifes 

X — 37^=0, or i6-f- 4oy + 723fj + 3C0 — 90j^^ -t* 

By the like Reafon that y may be cxpung'd out of the 
jEqu < tions y *' — xyy — 3 « = o, and yy + at jf — ata? + 3 
:^ o, 1 fubflitute into tb^ _fecond Rule fcx ^, b^c^d; f^ gj by 

and Xy [thefe Quantities] i, — at, o, — 3 * ; i,A?^--ArAf 

+^> and J refpe^ively, and there comes out ^-^xx-^xx 

X T^^^^^^llf!^^ AT* — 3Af -f >' + dyX — JAT + Af* : 

4-3Arjr x.A^AT 4- 9-« -^ 3*' — ^' — ?* K — 3Ar=:o» 
Then blotting out t4ie fupepflUous Qpantitiet and rauTtipIy- 
ing youhave 27.--i8;tAf + 3Ar% — pATAr + Af^, "^i*** 
iSat* + 12^^ = c. And; ordering (ducly) ** + i8.t* 

Htrtictto [wehM©difcours*d} of l|»kitt| away onftw*' 
known Quantity out of two iEquations. Now, if feveial 
are to be taken out of feveoal, the fiufineft moft- be done by 
degrees : Out of the jEquaiioDS »4Ar=5j^» at +7 = 2, and 
^j^^^jj^ j^z.\ if the Quantity y is 10 be found, firft, take 
out one of the Quantities a? or *, fuppofe a:, by fuWfituting 

for it.its Value 1^ (found by the firft ^Equation) in thefc- 
'4 cond 



L^7l 



^« 



cond and third iEqu^itiai >8 ; and then yba lyiU have ^ 

4 

+ >= «», and -i^ sc jf + 3*, out of wbkh take atnqr « 
aa above* 

Of the Metl^od of taking away any Nttmifr of 
Surd Quantities out of A^quations. 

Hitherto may be referred the Extermination of Swrd 
Quantities, by making them equal to any [other] Let- 
ters. As if you have y4y — Vdd -i— ay =24 + Vayf^ 
by writing t for V^jf, and vTot \^4a -^aj^ and « for the 

r 4jf y. you*ll have the ^Equations t — t/ — 2 4 + .tf, timsiy^ 
^t;±=^4 — 47, and;*' =^4yj^ out ot whi;h takifig 4 way 
by degrees r, Vj and .y, there Will refult an i£qitttioii ^a« 
t^dy free firom Surdity. 

Ho7» a Quejlion may be brought to anJEquation^ 

• 

AF T E R the Learnet has been fome Time exercifed in 
managing and transfornung i£qUitions, Order requires 
that he ihould try his Skill in brmgtng Queflions to an £« 
quation. And any Queftion betng Dropofed, his Skill is 
i)articularly required to denote alllts Conditions by To many 
i£quations« To 4p which, he muft firft conflder wliether 
the Propofilions or Sentences in which it is exprefs'd, he a]} 
of them fit to be denoted in Algebraick Terms, juft as we 
^xprels our Conceptions- in Latm or Greet Charadenr. And 
' if fo, (as will happen in Queftions converfant about Num- 
bers or abflrad Quantities) then let him *give Names to 
boch known and' unknown Qpantitiea, ~ as far as Occafioji 
requires. And the Conditions thus trariftated to Algebraick 
Tensa will give » many jEquations as are ncceffary to, 
Iblvc it. 

As if there are required three Numrbers in continual Pro- 
poftion whofe Sum is 20, and the Sum of their Squares ^i 40 ; 
putting AT, J, and z, for the Names of the three Number^ 
fcv^hc, the Qtteftidn will be tranHaitedout of tbq Verbal to 
^ Symbolical Ex^Mfiioik as follows,; 

, ¥ a Tk 
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The J^He/lm in Words. 



Tbtfame in Sywl&ts^ 



Tlicie arc fought three Num- ^ 

bcrs on thefc Conditions : ♦ ^> J'* ^ • 

Thit they Ihall be continu- 
ally proportional. 

That ebe Sum (hall be 20* 

And the Sifiiuof their Squares 



*+;f +«» ==20. 

•*'* + 5'jf + J&JC=i40. 



And fo the Qucflion is brought to fthcfe] jEquationi, 
t/lz,. xz,z=:yyf «+«.-fc7 = 2c, and xx -^ yj r\fZ,z,, 
= 140, hy the Help wh^eof ;if, 7, and «,, are to be found by 
the Rules delivered above, 

- But you muft note. That the Solutions of Queftions arc 
(for themoft part) fo much the more expedite and artificial, 
by how fewer unknown Quantities yoq have at firft. Thus, 
in the QiieAion proposed, putting x for the firft Number,^ 

and y for the fecond, — will be the third proportional • 

X 

wh\ch then being put for the third Number, I b^ng tha 
Queftioh into JEquations, as follc^vs : 



The ^sfHon in Wor ds. 

There are fought three Num- 
bers in continual Propor- 
. tion, . ' 

Whofe Swrn is 20. 

And the Sum of their Squares 

140, 



SymhoHcaBy* 



(.^y, ^ 



•^ + 7+^=20. 



yy ^ 



. You have thew foie th^ ^Equations « + ji + — = 20^ 

X 

and AT A? Hr;' 7 + —■:;=: 140, ly the ReduSlion whereof jr 

X X 

and y are to be determined. 

Tal^e another Example. A certain Merchant encreafes his 
Eftate ycaily.by a third Part, abating 100/. which he fpcnds 
yearly, in his Family ; and after three Years he Qnds his, 

Eftat^ doubled, Qj^iry^ Wha^ he '}§ worth ? 

*■•■'■/■,- ' ' Jo 



. To Tcfolvc^, yott moftknow there aw [or lie hid] fc» 
voral Propo|iriofl$, which ^xc aQ thus found out ai4 laid 
dowij. 

A Meichant has an E? 

■ 

Out of \i^hicl| the firft 

year he expends too/. « — 190, 

.1 

Aiul »ugmenn the vcu by ' »~ioo 4x — 409 

one third. , «— ioo-\ — j or^, ^-.. 

I 3 3 
. /knd the fecond Yeny ex- 4*-^oo 4^^—700 
pends 190 /, I "■ I '^ 100, or . 

And augments . the reft 43? — 700 4* — ^ 700 16* — if?oa 
by a third ----. -r-r- I , or 

And Cq the third Year i^x* — 2.800 1^3^—5709. 



expends 100 /, — — r- 

j|nd by . the reft gains 
likewife one third Part 



— 100, or 

y 9 

i6x — 37 00 i6x — 3700 

«L — or 

9 . « 27 ? 

64Jf — 14R00 
" »7 • " 



4|id he becom** C« 64*— 14800 . 
lertgthj twice as rich ^~—^—^— ^g ^jg^ 

ak at firit -rr-r- 1 ^7 

Therefore the Queflion is hrouglit to this iEquation^ 

^ — = 2 AT, by the Redudlion whereof you are to 

find x; w*. Multiply it by 27, and you have 6^Xz=: 1480a 
2=: 54 4f ; fubtrafl 54 a?, and there remains 10* — 14800 
;=:0, or 10 A? =14800, and dividing by 10, you have 
.? «= 1480. Wherefore, 1480 /. was his Eftate at firft, . asi 
alfo his Profit or Gain ^nce. 

You fee therefore, that to the Solution of Qpeftions which 
Qpiy regard Numbers, or the abflrafted Relations of Qiian. 
tities, there is fcarce any Thing elfe required than that the 
Problem be ^an^ated out of the EttgUfh^ or any other 
Jongjuc It is pro^os'd in^ into the Algebraical Langua^e^ tha^ 
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is, into CharaAers fie lo denote out Conoeptidm of the I^ 
ktions of Qpantkies. But it may fometiioes happen, tlMt 
the Language [or the Words] wherein the Sute of the Qiic^ 
lUon is exprefs'd, may (eem unfit to be turn'd into the Al« 
gebraicai Langus^ ; bur making Ufe of a feiir Changes, 
and attendsnf^ to the Senfe rather than the Sound of the 
Words, the Verfion wiil become eafy. Thus, the-Forsis of 
Speech among [fevera]} Nations have their proper Idioms ; 
which, where tiiey happen, the Tranflatlon out of one into 
anotho* is not to be made literally, 1)ut to be determin'd by 
the Senfe. But that I may illulfarate thefe Sorts of Problems, 
and make familiar the Method of reducing them to ^ua^ 
tions ; and fince Arts are more eafily learn'd by Examples 
than Precepts, I have thought fie to adjoin the Solutions dt 
the following Problems. 

Problem I. Having given the Sum of two Numbeia 
(d), and the Difference of their Squares (b\ to find the 
Numbers ? 

Let the leaft of them be [called] x^ the other wiB« be 
4— a:, and their Squares .v;if, and da-^2stx + xx tfic 
Difference, whereof 44— ^2 4« is fuppos'd b. Therefore, 
4d'^2axz=:b^ and then by RedoEUon 44--<i=s 2^^9 or 

— ^^^ (=-4^^ '-)zz»' For Example, if the Sum of 

the Numbers, or 4, be 8, and the Difl^ence of the Squares,. 

ort, be 16; -4.-^ — willbe (— 4-~i) --5=;fl?, and 

4'^x^zK* Wherefore the Numbers aie 2 «id 5« 

Problem IT. To find three Quantities, x^ % and^,^ 
the Sum of any two of which ihall be given* 

If the Sum of two of them, vis.. «afid y> be 4 ; of x andF 
c,, h ; and of j and ^, c \ there will be had three i£quations 
to determine the three Quantities fou^t^ x^ ir, and c, vv^. 
^+7^^» .v+Jti=^t, and jr -tr i :^ f . Now, that two.' 
of the unknown Quantities, t^/c,. j and « may be extermi* 
nated, take away x on both Sides in thjc firft and fecondt 
Equation, and you'll have 7 = 4 — «, and c s: >•— Jr, which 
V»ues fit; ftitttte fOr 7 and x. in the third [^Equation}, and 
there will come out4 — ^4*^*^^=^^, and by Redudf- 

9^ X S5 '■ ■ " ' " \ and having {bund Xy ^ iEqiMtioai 

2 

above j s:4, ~ ;r, apd at = ^ -^ ^9 ^iP S^^^J *"^ ^» 
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^XA)iil»l6. If the Sam of stmdy be 9, dxvniti 
to, and y and «,, 1 3 5 then, in the Values of *, y; and c, 
write p^ ay 10 for b^ and 13 for r, and youll luve 4 -^ 

h-^cz:^6^ and conlequently ;r (=b — ^ ) » 3, jr 

(ss 4 ~ *) = 6, and «. (=; i — *) = 7. 

t 

Problem III. To divide a given Quantity into as mwf 
Parts as y0u pleafe, fo that the greater Parts may exceed the 
leaf} by t^ny] given Differences. 

Let (if) be a Quantity to be divided into four fuch Partf, 

«[id its iirft or leaft Part^call x^ and the Excds of the fecond 
art above this call ^, and of the third Part c^ and of the 
fourth dl and. jr 4- h will be the fecond Part, « 4- r the 
third, and ;r 4- J the fourth, the Aggregate of aH which 
^x^h ^t^iis equal to the whole Line g. Take away 
on both ^des b^c-^- i. and^here remains 4 jp s= 4 — fr 

4 — &*— C d 

'^C'-^d, GiXsz • 

4 

Example. Let there be ptppoled a Line.of 20 Foot, Ci 
to be diviJed into four Parts, that the Excefs of the fecond 
4tbave the firA Pact fliaU be 2 Foot, of the thiid 3 Foot, 
and of the fourth feven Foot, and the four Parts will be 

4 — t— .r — if 20—2 — 3— 7v , , 

* (ss ■' " 'f f ^ or . ' 1 ■ ^ , ) s=: 2, ;r + 1 

4 i 4 ' 

s:4. ^ + ^=5^ and*4*<fa=9. After the fame Man- 
ner a Quantity U divided i^ito 'more Parts on the £iae 

Conditions. 

. PuoBLEBl IV:' AP^onibcing willing to diftribute 
Ibme Money among fome Beggaiv, wanted eight Pence to 
give three P^nce a peice to them ; he therefore gave to each 
TWO Pence, and had three Pence remaining over and above. 
To find the Number of the Beggars. 

Let the Number of the Beggars be x^ and there will be 
wanting eigh t Pence t o give all 3^ [NnnibcrdfJ Pence, he 

has therefore 3A:— g Pence j ogt of thefc he gives ^x 

Pence, and the rcmwing Peace 1^ -r** 8 ate thre^i That ii/ 
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t^RQBEEM V. if tWo Pbft-Boys, j^ztfA Bi at 5^Milei 
Difhnce from one another, meet in tl^ Morning, of whom 
ji rides 7 Miles in two Houi;s, and B 8 Miles in thtec Hours, 
dnd B fets out one Hour later than j4; to find what Ntinl- 
bcr of Miles A will tidt before hfe irieett B. 

Call that Length ;f,* and you 11 have 59 — ;f, the Length 
of 5 s Journey. And fince yf travels 7 Miles in twd HourS| 

he will irtake the Sp:ice x ill -*- Hours^ becaule ^ Miles : 2 

. Houis 2 : X Miles t ^ Hours. And fo. fincc B rides 8 Ntilcrf 

7 
in 5 Houri, he will defcribe his SpsLc^ [or fide his Journey^ 

1 7V -^2 A? 

5P — * in ■ / Hours* Now, fince the Difference 

of thefe Times is one Hour, to the End they puy become 

equal, add that Ditferencclb the fliorter Time ^TLZ'If^^ 

o 

and you'll have i + '^^"^"^ £= ^, and by Rediifliort 

8 7 . 

35 — ^- Por, multiplying by 8 you have 185 — 3 * =« 

. Then- multiplying aMb by 7 you havfe i2p^ -^ 21 * 

7 
^t=:i6A:, or i2p5T=57Ar. And, lafllv, dividing by jy, 
there arifes 3 ^ = ;f. Thctefore, 3 5 Miles is the Diftance 
that A mufl ride before he meets B* 

■ • V • • • 

*Ihe faff^^ fkofe gtntfaBj. '^ * 

Having given the [Velocities] Qekriticy f[or. Swiftneffcs] 
of two moveable Bodies, .^, and B^ tending to the fame 
flace, together with the Interval [orDiftance] of the Places 
and Times from and in which they begin to move ; to de* 
terminethc Place they Iball meet in. 

Suppofe, the Velocity of the Body vi to he fach, that it 
Iball pafs over the Space c in the Time /; and of the Body 
B to be fuch as lliall pals over the Spjicc d in the Time g ; 
and that the Interval of the Pkce$ is e, ^d h the lutetval 
of the Times in which they begin to moye. 

Case I. Then if both tend to tht fame frlacc, [or the 
fame Way] and y* be the Body that, at the Begiiuiing of 
the Motion, is fartheft diftant trom the Place they tend to : 

Call 



' 
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ai]l ^t Diftance x^ and fubtra6l fiom it the Diflancet and 
'l^re Will Ttthi^iAx — e for the DiiHancc of Bfioi^the 
IPlacis it tends t6. ' And fince A' piles through the Spaece c 

in the Time f, tfte^Timc in which it will pafs bvet the 

' ^' •• ^'- 'H •• ' • • ' .'.c^'» 

Space X will be — , becaufe the Space c is to- tht;T|mie;/. 

c 

as the Space x to the Time . And fo, fince i eal&s-the 

Space d in [the Time} £, the Time in which it wijrpafit 

the Space ^ — e will be ^ — j^ . Now jfince the Difference 

of thefe.Tiines is fuppofed h^ diat they may become ' equal, 

add h to the iborter Time, viz. to the Time — if B B^ins 

^ i> ~ • 

to move firft, and you 11 have ^ 1- i != 2 — j-s- , and by 

c 

to move firft, add h to the Time ^ — y^^ and you IJ 

have ^ =:, ib + ^— 7^^ and by Reduflion 
c d 

cgt-^cdh • . 

Case II. IP the moveable Bodies meet, and ^, a| b^ 

fore, be made the initial Diflancc of the moveable Body 

A^ from the Place it is to move to, then r — ji: will be tlic 

initial Diftance of the Body B from the lame Place ; an4 

fx -< 

*~ the Tim^ in which Ji will defaij)e the Diftance x^ and 
c 

il:Zlf^ the Time in which B will defcfibe its Diftance 
d . 

' e — ;ir. To the Icffcr of which Times, ad above, add th$ 

fx 
Difference i5, t/i*. to the Time ~ if B begin firft to move^^ 

♦ c 

•nd fo you'll have u! + i ss ^'fT^ - ^ ) an4 by RedoiHoii 

c d 

:fg.-\-Jf'^*' L Example 



fiKAMVLS I. If the Sun moves every Day one l>iegice^ 
and ttie Mooa diirteei^ and at a certain Time tlie Sun; tie 
tc tHe Btgii^i^g of QtHC^j asid, in three Days atter^ the 
Moon in the Beginning of Ariet^ the Plac^ o£ ttieir next 
lolldwii^ Cdnjiinaion is^lemanded. Anfwer in rc>|* Deg. 
of Qmcer* For fince they both are going towards the fame 
. Pacts, stfid the Motion of the Moon, which is fiurther diftant 
from the Conjtm&ic^y hath a later Epocha^ the Moon will 

be -4|' the Sun B, and ^ T the Length of the Moon's 

Way, which, if you write 13 for r, i for {^ i^ and g^ 90 

^' :, r L 11 1.^ 13 xixioo4- 13x1x5 
for e,.and 3 for A, wdl become igxi^ixi ' 

that is, ^-T^, or ioo| Degrees ; and then add tbefe De- 
grees to the Beginning of Aries, and there will come out 

Example II. If two Tofl-Boys, A'wnAB^ being in 
the Morning ^9 Miles afuhder, iet out to meet each other, 
and A goes 7 MiUs in ^Motirs, and B 8 Miles in 3 110119, 
and B begins his Journey i Hour later than A, it is de- 
manded how fkr A will have gone before he meets B. Ai>- 
fwer, 3 5 Miles. I^or fince they go towards each other, and 

A fets out firft, -^ — ; - , . - will be the Length of 4is Jour* 

ney 5 and writing 7 for €\ 2 for /, 8 for i, 3 for^, 59 fi» 

e, and i for A, this will beeome 7^3X^9+7^8X1 ^^ 
* ' 7x34-8x2 ' 

"' I7 ' "^"^ ^^' 
Problem VI. Giving the Tower of any A^nt,*toiiixl • 

how many fuch Agents will perform a given kffeft 4 in a 

given Time b. 

Let the power of the Agent be fuch that it can produce 

the Eifefi c in the Time i^ and it wifi'be as the Time i to 

'the Timely fo the Efl&d c which that Agent can prodace • 

in the Time i to the IcSktk which he can produce in the 

he ' tm 

Time t, wliich then will be •^. Again, as the Efl&fi of 

d 

be 
Me- Agent -. to the ESeft of all 4 ; fo that fingle Agent 
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m theiN^qiber of the Affatfjf^ 



:BxAMPi% • U a Scribe can iq 8 Day$ write 15 Shc^fc 
how many fucb Sqrijbqt lauft cheie be to vrrite 405 Shceu in 
^Xteyt? Anrwei.a4. Forif ^bcfubAitutcdfbrV, i^ for, 

r,* 40$ for 4, and 9 for ft, the Nomljcr t- will bcc<Mne 

405x8 , ^ . 3240 

^^^f — ^ that u, VT., <>' 24. 

« 

Problem VII. Tlie Forces, of f^veral Agenti bemg 
given, to determine \2ir the Time, wlierein they will joyiitly 
perform a given EfieA </• 

2>t the forces of the i^ents A^B^C ht fuppofed, wjiicb. 
in the limes e,/,^ can produce the BfkQs 4, b^ e sefp^dive- 

ly } and thefe in the Time x ivill produce the Effe^ ^-, 

c 

tx ex • -. . 4IX . bx ^ ex . , - „ 

-^^ -^ 5 wherefore 18 — h-r+~- = «j «nd br Re- 

f i J ^ ^ ^ ' t 

d 

duOion x = rTTTT. 

Example. Thiee Workmen can, do a Piece of Worli 
in certain Times, vitii Aanot in 2 Weeks, 'J3 thrice in 8 
Weeks, and C five times in 1 2 Weeks. It is defired to 
know in what Time thqr can finifli it jpyntly ? Here then 
are the Forces of the Agents /T, *, C, whiph in the Impf^ 
3, 8, 12 can produce the EfFe£(s i,,3, 5 refpcaively, and 
die Time is fought wherein they can do one Efied;, Whrre^ 
fore, for4,*,c,rf,f,/,^ write i* 3,Si i» 3»8, 1%^ and 

there will arife jg^ ■ ^ . ^ .^or 1 oi a Week, that il, 

[allowing 6 working Days to a Week, and 12 Ho^^ to 
each Day] 5 Days and 4 Hours, the Time whcrdn tiiey will 

joyntly firiifli itl V 

Problem VII!, So, to compquiid unlike Mixtures of 
two or more Things,^ t)mt the tmngji ipix'd togfBtlief msf 
have a given Ratio to one another, 

la • let 



lA t))e gjLven Qpaptity of one Mixtutfe be dA •4- e^JS 4- 
fC, the fame Quantity of another Mixture gj4 + hB+''Jt(L 
and the fame of a third /^-f mB + nC, where ^, J^^C 
denote, the Things mix'd, and J, f, f, £, ib, &c, the Propor- 
tions cir the fame in theMiktures. And let f^A^ q B + r C 
W'tiic Mixture which muft be composed 6f the thtei Mix- 
tures ; ^nd fuppofe ;if^7,*and z, to he the Numbers, by wrhich 
if ij^ )^ree given Mis^tures be refpe£Uv,ely multiply'd^ theif 

Sum will become p y4 + J B 4-' r ^• 

dxA^€xB'\'fxC^ <• 



Thereforeis^+«^+iyB+ i^C >=p-^ + 4iB+ rC 






}= 



« 
^ 



'Ap4 then paaking 4* + gjy + /^i =rp ; ex + *7 + «^,^ 
~ ^, " and. f A? -J-^ j> -f »^ = r, ' and by' Rcdu£hoh a; =' 

*- — ^ — p~ = :^2^ '-• And again, the iEquations 

> — ^^-^ — '== i — I ^'M ' J , and ' — r^ ^ = 4 — *-^ 

i 9 ^ € f * < 

by RWuCTLOn give -?-, V- rr -^ (=c >> =^ 

tg — i^ 

11 ^ J , which, if abbreviated by writing 

A for f/> — rff', f> for dm-^el^ 7 fot eg — dh^ I for 
fq^e f^i i for en — /jw, arid 9 for/A^^rt ^i, will bpcomc 

«4^. •J^4-<« ,t t? ^ XI- »f.— >^ . u- . '-' 
r^ — : ^ .: ^ ;/ ?. ana by Redqtaion ^v ^^^ == ax Haviog 

fotihu to)' put — :; — =: y, and '^ — ^; — 1— = a?. 



1&X AM]P t E. If there were three Mixtures of Metals nlek^ 

td do^n together ; of the firft cE which/a Pound nVverdor 

,|iois3' fcogtains of Silver 5 12, of Brafs 5 i, and of Tin 53 ; 

of the fecond, a Pound contains of Silver | 1 , of Brafs ^x 2, 

■^jhi^rf' Tin 1 3 5 and js' Pound of the third contains of Braft 

*5f f4'pof Tin I 2^ smd.'ho Silver ; and let thefe Mixtures be 

f0 to be compounded, that a Pound of the Compofitibn 




</j =1 X 4 — 12 X p) ==— 104, and' ^ (jszidm -^Aziz 
j«xi4— ixo)s=i68j ?nd fo>=:^i43, ^ = 24, i 



c=— 40, 



i 



C 77 1 

(9tt yj" 

— ii3l±3432> _ o • -r r= ^^±^* = -'°*'^° ^ ~ 
S730— S544-^"" ,^ •'^ , —143 >'■"■ 

V^and*(=Pr::lJ-=i-*.:.iri-)=,^ wi«t. 

fore, if ther« be mix'd rr P^its of a Pound of the fecond 
Mixture, a. Pkrts of a Pound of thcf third, and nothins of 
the firft> the .Aggregate will be • a Pound, contnning fiwr 
Ounces of Silver, nine of Brafs, and thtee of Tin, 



\ 



.l^KOBLEM IX. The Prices of feveral Mixtures of the 
CmieThin^, and the Proportions of the Thiim mix'd to* 
gether heing given, to determine the Price of each of the 
Things mix d. 

Of each of the Things j4, B, C, let the Price of the 
Mitture.il^+^B + iC bcp, of the Mixture tA+bB 
+ mC the Price a^ and of the Mixture fA-^-JtB-^nC tbc 
Price r, an/l of tnofe Things vrf, B, C let the Prices 4f, jr, « 
be demanded. For the Things A^B^C fubflitute their Prices 

X, ^, «, and there will arife the iEquations Ax^gyJ^lz» 

=p, e* + i;f + «» = 4, and /jif-f Jj' + w*^: ^; nroni 
which, by proceeding as in the foregoing Pioblem, > there 

will in like manner be got ■ > ^^ =«», — r~^ rzj^ and 

^ — ^ =;r. 

a 

Example. One bought 40 Buflicls of Wheat, 24Bu-t 
ihels of Barley, and 20 Buihels of Oats together, for i ^ 
Pounds 12 Shillings. Again, he bought of the fame Gnua 
26 Bufiicls of Wheat, 30 Buihels of Barley, and coBufliels 
of Oats together, for 16 Pounds. And thirdly, he fx>ught of 
the like kihd of Grain, 2± ^ufhels of Wheat, r20 Buflieb . 
of Bafley, and 100 Buihels of Oats together, for 34 Pounds^ 
It isdeinanded at what Rate a Bulhel of each of the Grains 
ought to be vsdued. Anfwer, a Bufliel of Wheat at s Shil* 
•lings, of Bflsley at 3 Shillings, and of Oats . at 2 Shillings. 
For inftead of dygj I; Cyh^m^ f^i^ m p, f , r, by writing - 
tefpeSivcly 40, 24, 20 ; 26, 30, 50 ; 24, 1 20, "100 ; i St> 
16, and 34, there ariles a (srep— *Jf =:26x r^T"^40 
X 16) =s-*-a?4T, and ^(z=:ii«t«**e/c:40 x 50-*20 x 20) 
tei48o, and thus 7 55— 576, $ ?=— 5<x» ? S1400, 

~ and 



an*: 9 s- — 3400* e wi» « ^;. =. Tfzrpj =" 

— 8b64O0':iT J552000 "~ 2745600^ — ■«•'» Jf \ pr 
— 2344- + i4^\ , ■ ' ^ ^ / r— gjt— •/« ■ 

» • "^576 ■ / '^^ ^ *^ "^ v= r^ r 

a Buftel of Wheat coll 



'^^ V-^^ ^-,|, .Therefore 
f #, or 5 SbtDinn, a Rufhel of Bs 



'.'„'«. .*.' Bariey J^ ft, or 3^ ShiBinp. 

and a Bulhelof Oatv -jJ. ]];, or 2 ShHlings. 



tiCK u^^ 
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PkOBlEM X there bcin^ given th^fped&k 
both of the Mixture and the t^wo] Things mix'd, to find 
the Pxoportion of the mix'd Tiling? to one ano ther. • 

Let ( be the fpeciiick Giavky of the Mixture 4 -t^ iJ, 4 tlie 
fjjiccifibk Gravity of A^ and h the fpecifick Gtairity of ^ * 
and iince the abfolute Gravity, or the Weight, is c:omf)o&d oi^ 
the Bulk of the Body and the fpecifickGravityj, 41-^ will b^. 
the Weight of A^ l^B of J?, apd tA+eB the Wei^rht; of 

the Motuie <^ -V it ; and th€3iefoce4^-^M=:>(^'4<^9. 
a^id from thence sA'^^A^^B^^bBi a^d qopfequencl'y- 

Example. Su{qx>fe the Gravity [or (pecifick WeightJ 
of Gold to be as ip, and of Silver as lof, and [KingJ 
fiirro'sCrown as 17 ; and [64- ."a] : ; 10 : 3 (r^^^: 4— e 
:iA:B):: Bulk of Gold 111 ttie Crown : Bulk of Silver, or 

: : as the Weight of Gc)lJ in the Crown, to the Weight of 
^ver, and 221 ? 31 :: as the Weight of the Crown to th^ 
Weight of the Silver. 

PROBLfiiil XL If th^ Nombe> of Oxen 4 eat up the 
Meadow b in the Time c ; an4 the Number of Oxen d eat 
sp as good a Piece of Paflure e in the Time/, and thp Grafs 

S>iva uniformly ; to find how many Oxen will eat up the 
e Paflure ^ in the Time ib. 
If the Oxen 4 in the Time c eat up the Paftuie h^ then 

by Proportion, the Oxen -74 in the fame Time c, or die 
fkfm rv« in the Tine/, «z dv Oxen tt4 in tht Jimab 



{ataTI]. afier die Time ^r. 'Bi|t£nce, bf ledbn nr«he 

<0Tt9wth of the Gads, ali the Osten i in the Time rfcmtet 

- 4ipiOQly thcMcBOl^m^^ riies^ore that Growth dt m fiiift 

. ikitfae Meiadowif/ in the Time ./«*-{^ will :bejb madii^ 

/'liloBe woiiid bcu Sufficient to feed the Oxen ;^ ---r^ the 

tf 

•Titee/, that is as much as wouH fuffice to feed tSicOxfen 

'^df tek 
1^'*^ -t^ an the TiaiB i. And inthe Timeri&^^r, bf jPkv 

portion, fo much would be die Growth of the Grafs at 

At . ^ ^f ^ ^ ^ ^ 

WQcddbe fufficient to feed the Oxen j-— -Into -i.^ ~j 
or iMhzlt*},:=±i'S±^^. Add tin, InaWKne 



it/* — beb 



• If; 



\, to the Oxen -^--r, and there will come out 

— ^ r n *^^ ?' ^v — • ihe Number of Oxen vAich 

: thepaflure e ^ill fiiffice to fe6l in the Time k* , And fo by 

i £n)] Proportion the Meadow ^ ^ill fuSce to feed the Oxen 

|Hhli;^f^*i^f£±ifk! durtog '*e Tame 

iZimeib. • ; , > '. 

€x^»P3^. if iaOxentcttup 3I Acres of PaKoie «i 

s^^ceks, and ^i Oxen eat up 10 Acres of like Pftfture in 

*p Weeks ; to find liow many Oxen will eat up 26 Acres in 

tS Weeks? Anfwer 36 | for that Nuiid)er will be feuod 

I, ihbftitutlng in mtrJl^X—Af^^^ 

the Numbers 12, Jj-, 4, 21, lo, p, qf^, and 18 for the Let- 
ters 4, 2^, r, i^ f, f,.£; and Jb icipcaivdy ; but the Solution^ 
^haps, will be no4e(s-t9Epedite, if it be brought out frtmi 
the firA Principles, in Form cS the precedent literal Solution. 
As if .1 2 Oxen in 4 Weeks eat up ^f Aoces, then by 1^ 
poftion 5^ Oxen in 4 Weeks, or 1 6 Oxen in p Weeks, or 
8 Oxeain 18 Week*, will eat 1^ to Apres. on Suppofition 
•that the Grsifs dtd not grow. JBut fincc by reafon of the 
Growth of the Grafs 21 Oxen in p Weeks can eat i^p pnly 
^0 A^JM^^ihat Growieh of die drafs in 10 Acres ibr the laft 
H Weeks wfll be as much as would be fufficient to feed 5 

Oxen. 



b^o 3 



\ 



. Oxen, that il the ExtefsidF 21 above 16 for 9 Week&; tt] 
what is the iamc Thinr^ to feed 4. Oxen for 18 WVcks. 
iknditi 14 Weeks (the foccfs of 18 above the firft 4) the 
bioreafe of the Grafs, by Analogy, milbe;fuch, as to be 
fuflkient to feed 7 Oxen for 18 Weeks : Add thcfe 7 Oxen, 
which the Growth of the Grafs alone would fufEce to feed, 
to the 8, which thcGrafs without Growrfi after 4 Weeks 
woidd feed, and the Sum will be i< Oxen. And, hMgf^iS 
10 Acres fuffice to feed 15 Oxen tor 18 Weeks, then, in 
proportion, 24 Acres wou^l fuffice 36 Oxen for the fame 
Time. 

Problem XII. Having givien the Magnitudes and Mch 
tions^ of Sphlrical Bodies perfedly elaftick, moving in the 
fame ri^ht Line, and meeting one another, to determine 
. tbeir. Motions after Reflexion. 

The Refolution of this Queftion depends on thefe Condi- 
tions, that each Body will fuffer as much. by Re-afHon as 
the A6lion of each is upon the other, and that they muft 
jecede from each other after Reflexion with the fame Velo- 
city or Swiftnefs as they met before it. Thefe Things being 
fnppos*d, let the Velocity of the Bodies A and B, be 4 and 
h refpe£nvely ; and their Motions (as being composed, of 
their Bulk and Velocity together) will be dA and b B, , And 
if the Bodies tend the fame Way, and A moving mare 
fwifcly follows By make x the Decrement of the Motion 
a Ay and the Increment of the Motion bJ ariling by the 
Percoffion'; and the Motions after Reflexion will be dA^^» 

znibB-^-X'. and the Celerities — ^- and — 51-, 
' A B 

V9hclk Difference is = to 4— «Ir the Difference of the Ce- 
lerities, before Reflexion. Therefore there arifes this j£qua- 

tton — ^ -^ — =4— «^9 and thenccr by Re- 

' du£tion x becomes "^ "T ^ , which being fub-' 

yf -7- B 

ftituted for X in the Celerities — ^^, and — ?^, 

A fi 

there comes out ^^ — "^^ , T ? — for the Celerity of A, 

and. '7_L. p^ fo^ *^ C^leiity of B after Re- 
fl«ion. _ But 



I€- 



. But it the Bodies meet, then changing the Sign x>t h tie 
Velocities after Keflexion wiD be ^ — "^/. " ^ — ^, and 

— -~rTri » either of ivhidi, if they come out, by 

Chance,"Negative, it argues that Motion, after Reflexibn, to 
,t^nd a contrary Way to that which A tended to. before Re- 
flexion. ,Wfcich is alfo to be urideidlood oF ^s Motion in 
the former Cafe, 

Example. If the homogeneoos Bodies [or Bodies of 
the fame Sort] -^ of 3 Pound with 8 JDegiees of Velocity, 
ai^d B a Bodj of p Pounds with % Degrees of Velocity, 
tti^tf the fame Way ; then for-^, a, B, and fc, write 3, S, 9, 

and 2 J and f r-r-s j becomes — i, and 

\ ^ A -YB y 

C ^jZCn ^) becomes. 5. Therefore A wHl 

turn back with one Degree of Velocity after Reflexion, and 
J^ win go On with 5 Degrees. 

- PitOBiEM XHh To find 3 Niairfbets in continoaf Pro- 
pmion, whoi^i$iun ihdl be 20,: and the Sum qf cbeiz 
Squares 140?: > , > 

Make the firft of the Numbers = at, and the libcond , pr fi 

and- the third' will be — , and confequently jaf-f-y-f — 
= 20 ; and xx-\:jy •+• "^ = 140. And by Redufiion 

XX • T ^ Af-fif>=: o, and X^ "*" fJ' JtTAf + t^rr o. 

Now tp'exterinlnjate^, for ^, J, r, </, r, /, 2, ib, in the thud 
RuK, fubflitute' ' Wpe£lively j , 0, jf 7 — 1 40, 0, j* j t , j 

-— 20, a nd 7 jy; and there will Come put — yj' + 280 X jf * 

- - F27 J — 4 Q y, x '^(>o f — 4ojf^ : ;+ 3jf* X y:* ; — 2;[y 
x;f* — . 40^' -f 4C0;'^ : = o ; and .by Mukiplication 
'id^Oj^, — iti^oY'Tiz o, oar ji 2= 6|. . Which is found more 
Wt by anodiei Method beforei^. bijrt: not fo pbviqusias this. 
Moreoito^ tO'fxad x^ fubflitute : 6| for\y in the iEquatidn 

XX "^ ^ Af-f;y=:io, arid diere will arife xx'-r\^\x 

M +42i 
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4-4.;2i =0, or vx — 13 1 #f — 42i, and baviiag cxtraaed the 

Root.% = 6H-,.or — V3^; viz^ ^| + y3^ is the 

gieateft oi the three Numbers fought, and 6^ and V3-X5. 

the Icaft. For x denotes ambi^oufly either of the extreme 

Numbers, and thence tliere will come out two Values, cither 

yy 
of whicb-.may te x^ the other being r-. 

The fame otherwife. Putting the Numbers ar,7,and'^ 

, ty 20 

as before, youll have x-ri +'^ = 20, or xxss ^__^, ^ 

— J'y/rand extrading the Root a? = 10 — fjr + 
Vioo— loj — -^yy for the firft Number : Take away 

this and y from 20^ and there remains -=io — fjr — 

V'loo— loj — 1^> the third . Number/ And the Sum 
bf the Squares arifing from thefe 5. Numbers is 400 

— 40 IN and fo 400 — 407 -=140, or yz= 6 J. And ha- 
ving found the mean Number 6f , fubflitute it for.7 in 
the firft and third Number above found ; and the firft wfll 
become 6| + Vj-^Vi a*i4 the third 6| -rMi^y as,b€fore. 

JProblem XIV. Td find 4 Numbers in continual Prcv- 
portipn the 2 Means whereof together make 12, and the 2 
Eaefiremes 20. • 

JUtx ^^ ^^^ ftcond Number, and 12— a: will be the 

third, Ji^ the firft ; and '-^+^+5 ±i^ the fourth ; 
and coniequently 1 =20- Ana 

. 12—- AT A? . ,, . 

bykeduflion a? a; = 12V— ^of, or a?z=:6 + V'5|. Whii;ti 
being found, the other Numbers atre given from theft 
'above, 'r 

Proelem XV. . T9 find 4 Numbers continually propor- 
tional^ wheteof the Sum k jis given, and ^alfo^ the Sura of 
their Squares"/;. , ' ' - 

Altho* we ought for the moft Part to feek the Quantities 
tcquir'd immediareJy, yet if there aYe 2 that ar^ ambiguoiK^ 
thilt is, that involve both the fame Conditions, as here die 
,2 Means and 2 Extremes, of tlie 4 Proportionals) the beft 
Way is to feek other Quantities that are not ambiguous, 

by 



fcy.^ich Aefc may be determined, as fuppofe dieir Sum, 
^^^^^'^^j ^^ Reaangle. Let us therefore make the ^m 
of the 2 mean Numbers to be j, .and thp Reftangle r, and 
Che Sum of the Extremes will be 4~/, and the Rediangley, 
becaiife g( the ProportionaHty. Now that from hence tlMfe 
4.- Numbers may he found, mike x the firft, and y the fecond, 
u o"^^ will he the third, and a-^s^x the fourth, and 
the Keflangle unde r the M eans sj-^jyz^rj and thence one 
Mean ir=,A/ + i/f^-^r, the other s—y= f/ — - /|7737; 
Alio, tile KeSangle under the Extremes 4jr — /at— ;r;r=:r, 

and thence one Extreme ^--inf^ // // ~ 2as -^ aa ^ ^ 

^ 4 ^^ 

and the other a^s—x^"^- — i^j /ss—ias + as 

4 
The Sum of the Sqyares of thcfe 4 Numbers is 2Ji — 

2^/ + 44-r^4r, whichis=:t. Therefore r — fiJ — f 
^i-^rk^A — 1^ which being fubftituted for r, there come 
out the 4 Numbers as follows : 

The 2 Extremes <^ 




2 4^ .4 



i 

Yet there remains the Value of j to be found* Where- 
fore, to abbreviate the Terms, for thefe .Quantities fob- 
j^iqatc, ^nd the 4 ProportiQnal3 will be 

!— • r-r ^ 

2 

^nd make the Redangle under the fecond and fourth equal 
to the Square of the third, fince this Condition of the Quefli- 

on is not yetfatisfy'd, and yotf 11 have , — 2?^ + 

^ ^ — p i'ss^ki^^'^i'^lf^* Make aifo the Reflanglc 

M 2 under 



under th< 6rft and child equ^l to t^e Sqi^ar.^ of t^ fecoy^^ 

and joaTl have tlUli + f ^t + "~^*"^P^ — p?== i" 

+ p/+flP'- Take the fir ft of thefe ijEquations fjroia the 
laittt, aim there will remain f ;^*«p4-:irpx±r:2px, or qs^s: 
p^'\-ps. Reftore now \^^ b — ^sf^^ds — ^4a in the 
Place of p, and \^^ b — ^ ss in t he Pla^e of ^; yd you U 
have f\^^b^%ss = 4 + ; -/jfr*— 5*^ + 1^^ — ^4t4^ 

and by /quaring i/ris x+H^ — |t, or /= 



^H 



4 * ^ ' 24 



*T '^ 1- 1 44 — J J i which being foqnd, the 4 Num- 

ben ibugli^ are given from what has been fliewn above* 

Problem XVI. If sm annual Penlion of thf;[Ni|i]|W 
oil Founds 4, to be paid in the five next following Yea^i^^ 
bel)0ught for the ready Money r,' to find what the Coini-* 
pound Interefl of 100 /. p^ ^nBum will amount to ? 

Make i*— ;r the Compound Intereft of the Money x for 
a Year, that is, that the Money i to be paid after one Year 
is worth X in ready Money ; and, by Proportion, the Mo- 
ney 4 to be paid after one Year will be worth ax in ready 
Money, and after 2 Years [it will be worth] axx, and 
after 3 Years ax\ and after 4 Years sx^, and after 5 
Years 4a?'. . Add Uiefe 5 Terms^ and you 11 have ax^ -J" 
4A*^4-4ar* +AXX'\' ax:szc^ or x' +x^ +JJ?* 4-;r* 4- 
c ' 

Ai? =;} - an i^quation of ^ Dimenfions, by Help of which 
4 

when X is found by the Rules to be feught hereafter, pu(f 

X : 1 :: roo : 7, and j — 100 will be the Compound Inte- 

reft of lOo /. per Annum. 

It is [will be] fufficient to hare given thefe Inflances in 

Queftions w.here only the Proportions of Quantities are to 

he confider'd, without the Pofirions o^ Lines : Let us now 

proceed to the Solutions of Geometrical Problems^ 



How. 
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Ifow Geometrical Queflions may be reducd ta 

Equations. 

* 

.^^Eomettiip^I QueAions may be icdoc'd fomtdmes to £^ 
Vj quations with as much Eafc, and by the fame Laws, . 
as thofe wc have piopos'd concerning abftraded Quantities. 
As if the right Line y4jB be to be cut [or divided] in. mean 
and extreme Proportion [or Reafan] in C, that i$, fa that 
B Ey the Square of the greatefl Part,^ ihall be equal to th9 
Redaxlgle BD contained under the wholcL and the kail 
Pajcc 5 having put AB;=za^ and BC=:Ar, then will AC^ 
4r— /t, and xx:^4Vnto 4*^x ; an ^Equation which by Re- 

duflion gives x^s^-^^a-^ V^^ a a. [p^idt, Fi^e 6. J ;. 

But in Geometrical [Cafes or] Affairs which more fre- 
quently occur, (hey fo mpch depend on the varioui Podci- 
ons and complex Relations of Lines, that they require fome 
farther Invention and Artifice to bring thenl into Algebraick 
Termj. An4 tho* it is diflScuIt to prefaibe-any Thing ip 
thefe Soit$ iof Cafes, and every Petfon^s own Genius ought 
CO be lni» Rule [or Guide] in thefe Operations ; yet 11) en«- 
(deavour to Ihew the Way to Learners. You are to know 
theieibre, that QueAions about the fame Lines, related after 
any definite Manner to one another, may be varioufly pro^ 
pos'dy by making different Qpantities the IS^fifal or 
Ihings fought, from different IDdtH] or Things given. But 
of what DiTM or Qtutftta foever the Queflion t>e |»npos'd, 
its Solution will follow the fame Wayby an Analy ticK Se- 
ries, without any other Variation of Circumflance befidea 
the. feign'd Species of Lines, or the Nanies by which we 
are ufed to diflioguifli the given Qjiantities from thdfe 
fpughi:. 

As if the Option tc of an IfifceU^ CBD infcrib'd in a 
prcje, whofe Sides 5C, BD, and Bafe CP, are to be com-* 
ttur'd with the Diameter of the Circle j4B. Tijis may ei- 
ther be proposed of the Inveftigation of the Diameter ftoin 
ihe given Sides and Bafe. or of the Invefligation of the 
^afis from the given Sioes and Diametei^ ,* or laflly, of 
lfiic Invefligation of the Sides from the given Bafe and Dia- 
ineter ; but however it.be fvopos'd, it will be reduced to an 
il^uaticn by the fame Series of an Analy&. [Fide figfi^^J'J 
Fh» If the Diameter be fought, Ifut ABz=zXy CDzso^ 
aiid 5 C or JB Z? =3 i, Thcq (having drawn AC) by reafoi> 



of the fimUar Triangles AB C, and CJJ E, /^B wfll.be to 
BC::BC:BE, or * : b'tth: BE. Wherefore, B£ =; 

hb 

— . Moreover, C£ is = f C D, or to f 4 ; and by rcafon of 

the right Angle CE B, CEq + BEq.^B C^, that is, | 44 + 

— j-jtt^ Which ^Equation, by Rcduflion, will give, the 

Quatttity ap fought. 

But it the Bafe be fought, puty#B;=rr, C 17 -3= at, and 

FCor iJDs=:l!r. Then {^AC being drawn) becaufe of the 

iimilar Triangles ABC ani CB£, there As -/4B;BC: : 

' 'It' 

J!C;fi£, or^ :6:: t :B£. Wherefore 5 £ -= — j and 

■ . • ^ . 

alfo C£5;:?C2?, or I*. And becaufe the Angl? CEB is 

right, CE^ 4" B£ J *= fiC^, that is, |^;e +• — — bb ', 

an j£quation which will give by Redu£lioa the fpughC Qxa^- 
t^ty X. . , ,; ■ t '. ' .. 'A 

But if the SidcBCorSD befought,pujyiBcitc, CD=i:4, 
apd i? ^ or BD;=zX. And (^, C being drawa as before) 
byreafonof the Iimilar Triangles ABC ^^^ CBEj ^B. 
is to BC;;BCiBE, ox c :^ ; : a? : BE. Wherefore S£ 

SIS — . Moreover, C£ is — f CD, or f 4 j and by reafon 

©f the right Angle C £ B; Cgq-^-BEq^BCq:, that is, 

144^ s=?a:^> and t}ie -Squatipn, by Reduftion, will 

cc ' 

give the Quantity fought, -viz,, x. 

You fee therefore that in every Cafe, the Calculus, by 

which you come to the iEquation, is tlie fame every where 

and brings out the fame jj^uaripn, excepting only that 1 

have denoted the Lines by dilFerent I^etters according as I 

fiuide the DAt4 and QnsptA [different]. And from different 

JD4t4 and J^na/ud there arife$ a Diverfity in the Reduclioii[ 

of the Equation fi3und : For the Reduflion of rhe ^Equa- 

tion \M4'\' — ^:^hbj in order to obtain ;r — : ■ 

■** \^/\,bb — 4<i 

the Value of AB, is different &om. the Redu£Hon off the 

jEquation 4 ;r at + -^ = W, in order to obtain .« = — 
^ ^ ce * c 

Vcc^bb^ the Value of CD 9 and the Rcduflion of the 

iEqua^ 
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Aquation |vr^-l- — r=:xx very different tb'bbtaih i^^-^ 
4^kcc+ icycc^44 the Value of BC or HD : fas well 

as this alfo, ^^4-4 — = ti, to bring out c, 4, or i^^ ougl< 

i|o be redikr'd after different Methods) but thc^e was no^Dif.. 
ference in the InvcfHgation of thefe Aquations. And hence 
4r is that [Analyfts] order ustontake no Difference between 
the given kxiA fought Quantities. W fince the fahfie Com- 
putation agrees to any Cafe of thcr. given and fought Quair* 
titles, it is convenient that they fliould be conceived and 
compared witbotrt any Difference, that we may the more 
tightly judge of the Methods? of coniputing th'fem • or ra- 
tJ«ir it is cdftv^nient that ydu fliouM imagine, that the 
<iaefti<5n is f>r&|3oi*df 5df thofe [Z)^^ and jQu^/ttal given and 
fought Quamiti^i^- by which yoti think it is mofl eaiTy for 
jou to ma'Jce outyour itquitiGn. '■ ; . 

- -Having tH^rtfort any Problem. ^^rojws'd, compare the 
CJuantitii^k which it Involves, -and making no Diflfer^rice be- 
tween the givfen ^rid fought oned, c^onffJer how they' depend 
<Jne upon afidthet, 'that you may know what [Quantities! 
if they are affuttt'd,' Will, by jyfoceedinc; Synthetically, give 
the reft/ ■ To do Which, thcrfe is no need *that you Ijjould at 
iirfl of all corifider bow they rtiay be deduced fron^'oUe ano- 
ther Algebfaionlly ; but this general Confideration will fuf^ 
fice, that thej^ maybe JTome hbw or other deduc'd .by a dii 
rca Gormcx^on '[with 6ne.anothtr]. ' 

FoT Exampley If the Qiieftion be put of thfe Diameter of 
the Circle i*®^ and the three Lines ytB^ BC, and CD 
infcribM in' a &mi*circle, and^frdm the' reft given ybu'are 
to fina BCf at firft Sight it is mamfeft, that the Diameter 
^-40 determines the Semi-drde/^n^ then, that t^e Eines 
^^B.mdGDt by Infcription detcrimnc tlie Points ii? arid C 
and confequently the Quantity fotight^^C, and thit'by i 
'dirfea GonrfcjSfen f and yet aft^r' what Maimdit ^ C is to he 
*ad fromtMtD^ta [or given -Quantities] isiiotfd Wident 
tt> be fouh*byian Analyfis. Tl^ fame Thing ?s alfo to be 
'underilood isf i;^* tr CD if •'thev» were to be-fijugHt fi-om 
the other ^Drfr/r; [P'ide Figure 8.] Now, if* J^T^wWe to 
oe found fi«oitf tti^- given (^^aiitities jrfff, ^q anti*6i& it 



is e'qually -evident it could ndt be don^'SyntfeicWfv;' 
«fae Diftancet^the Points yf and -Z) 'deperids orf fte Ai 
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Jl and Q and thofe Angles on the Circle in wHch the given 
lines are to be infcrib*d, and that Cirde is not given wich-i' 
out knowing the Diametet A CL The Nature or the Thing 
thctefbfc feqiinrcs, that Abht fought, not SyntheticaJIy, 
but by affiiming it [as givenj to maEe thence a RegrefGon 
to the Quantities given. 

When you ihall have throughly peroeitr'd the diffetenc 
Orderingii [of the Procefs] by which the Xcrnis of the Q|ie» 
Ilion may be exp]aLi*d, make Ufe of any of the Synthetical 
fMethods] by afluming Lines as given, firom^ which you can 
form an cafy Procefs to others, tho* [the Regreffion] to 
them may be very difficult.. For the Computation^ tho* ic 
may pi^eed thro' various Mediums, yet wii] bc^in [origt« 
haljyTfrofl(i thofe [or fuch] Lines 5 and will be fooner per- 
form d by fuppolii^ the QueAion to befiKrh^ as if it ,was pro- 
ipos'd of thofe Da(4^ and fome CJuantity foujgl^t chat would 
ealily come out from-them, than by thinking of die Que^ 
•flion Tlnthe Terms ojr Senfel it is really proposed in, Thut^ 
in the prppos'd Example, If from the reft of the Quantities 
given yt)u were to find AD : Wfien I perceive that it can- 
4iot1)e done Synthetically, but yet that if it w£ts done (by I 
could proceed in my Ratiocination on it in a diced Con«* 
^exibii [from one Thing] to others^ I alTume AD zs givcn^ 
and then I begin to compute as if it wM given indee(i^ and 
fome of the other Qpantitie% viz,, fome of the %wn ones', 
u^AByBCy or CD, were fought And by tl^s Method, 
by carrying on the Computajtion from the Qi^antities «& 
fum*d after this Way to the others, as the KeladoiKi c£ the 
Lines [to one another] direct, there will always, be ob- 
fain'd an j£quation between two Values of (btiw. one Qum^* 
tity, whether one of thofe Values be a Lett^ kt down as a 
rReprefentation or] Name^t the Beginning of the Work 
for that Quantity, aiid the other a Value of it found out 
I^y Cono^utation, or w)iether both be foun^ by a Computa- 
tion made after different Ways. • ' 

But yhen you have cqmparM the Terms of theQuefiioa 
thus generally, there u& more Arc and Invemipn Tequir'dto 
find put! the {particular Connexions or Relations of the Lines 
that ij^all accommodates them to [or rend^ them, fit for] 
Coqiput^on* For thofe Things, which to a Perfbn that 
does, not fo thoroughly confider them, may leem to be im- 
mediately ^ nd by a very near Relation conneded together, 
when Ve have a Mind' to exprefs that ^olii^ion Algebiai- 
cally, require a great deal more round-about Proceeding, 

and 



wil bblige you to begin your Schemes anew, and carry on 
yoiir Compuration Stej) by Step ; as mty appear by finding 
iC from AD, AB^indCD. For you are only to proceea 
by fu:h PropoStions or Enunciations that can fitly be repre- 
fentpJ ill Algebiaick Terms, whereof in particular you have 
feme fjrom [£«r/.] Ax,ig. Prop. 4. Booi 6. 3nd Prop, 47.' 
of the firft. 

In the firfl Place therefore, the Cilculus may be afliftedt 
by the Addition and Subtra6iiO(n of Lines, fd that from the 
Values of the Parrs you may find the .Values of the wholc^ 
or from the Value of th?^ whok and one of the Parts you 
miy obtain the Value of the other Part.. 

In the fecond Place, the Calculus is promoted by the 
Proportionality of Lines ; for we fuppofe (as above) that 
thejRe£langle of the mean Terms, divided by. either of the^ 
Extremes, gives the Value of the other; or, which i's the 
feme Thing; if the Values of all four oif theProportionafsirc 
firfl had^ we make an Equality [or iEquation] between the Re-* 
dangles of the Hrtremes and Meatis. , Bgt the Proportid/iality' 
of Lines is bcft found out by the Similarity of. Triangles, 
which; as it is known by the Equality of their Angles^ the 
Analyft ought in particular "to be converfaht in compating 
them, aiid confequently not to be ignorant of Eud. trop. 5, 
13, 15, 29, and 32 of the firft pook, and of Prop. 4, ^, 6, 
7, and 8 of the fixth Book, and of the 20, 21, 22, 27, and 
31 of the third Book of his Bern. To which a|ib may be 
idded the jd Prop, of the fixth Book, whcreiii, from the • 
Prdjiortion of the Sides is inferred the EquJility of the Ail-' 

51es, and e contra. Sometimes likewife the 36 and 37th • 
Vop. of the third Book will do the fam^ Thing. ' • 

In the third Place, Fthe Calculus] is promoted by the Ad- 
dition or Subtraffion of Squires, viz,. In right angled Trian-, 
glcs we add the Squares of the leflet Sides to obtain the 
Square of the greater, or from the Square of the greater Side- 
we fubtra£l the Square of one of the leffer, to obtain th? 
Square of the other 

Artd on tbefe few Foundations (if we add to them 
Prop^ I, of the 6th Eltnt. when the Bufinefs relates to Super-* 
ficic3, as alfo fome Propofitions taken out of the 1 1 th and' 
lat^h of Euclid yV^hen Solids come in Queflion, the whole 
Analytick Art, as to right- lined Geometry, cjepends, More^ 
ov^, all the pliGculties of Problems may be redii^*d to thc^ 
fole Compofition of Lines out of Parts, and the SimiliritV 
9f Triaiigles j frf that there is ho Occafim to make Uf<i of • 
* N other 



other Theorems ; becauTe they may aU be rdblv'^ ini6 t1)e& 
two^ ftnd confefuently into the Solution3 that may be drawn, 
firom them. And^ for an Inftance of this« i have fubjoin'd 
a FroBkm about letting fall a Perpendicular upon the Bafe 
of an obJiquc-augled Triangle, [which is] folv*d without 
flic Help of the 47th Prop, of the firft Book of EucL Bulf 
ahho' it may be of [great] Ufe not to be ignorant of the 
VQlCfft'fimple Principles on which the Solutions of Problems 
depeqd^ land tho* by only their Help any [Problems] may 
betdlv^d ; yet, for Expedition fake, it will be convenient 
<X>tonly that the 47th prop, of the firfl Book of EticL whofc 
tTfe is mofi frequent, but alfo that other Theorems ihould 
fbmetjfiKes be made UCe of 

Aa if [for Example] a Perpendicular being let fall upon 
t})e B^fe of an oblique angled Triangle, the Queilion were 
(S6t die fake of pionioting Algebraick Calculus) to find ths 
oiyimencs of the Safe • here it would be of I3k to know^ 
thfft the Pifference of the Squares of the Sides is equal to 
^ double Rcdangje under the Bgfe, and the Diflaoce of ths 
Pe}rpen(}iGuY?r from the Middle of tne Bafifi. 

ff tjic. Vertical Angl^ of WJ Triangle be bifefled, it wiD 
QOl: POly be of Uf«r to know, that the Bafe may be divided 
fo IVopordon to the Sid^, but alfo; that thtf DiiFerence of 
t!he uleSahgles made by the Sidea, and the Segments oFthe 
Bafe is equal to the Square of thp. line that bifeifts die 
Aipfc. 

« If the Problem relate to Figures iiifcrib'd in a Qrcle, 
^ this Theorpm will frequently be of Ufe, z//t. that in any 

^ . qpadriiateral Figure ii]fi.rib a in a Grcle^ tlic ReSangle df 

the piagonals is equal to the Sum of the Reflangles .of the 
QJPP^fiB Sides. 

The Analyft may obferve feveral Tlieoreais of. this Nature 

in t»is Prafiicc, and referve Aem for hisUft ; but let hini. 

uft jthem fparinjjly, if he can * with equal Faeility^ or not' 

much more Diffictilty, hammer out the Solution &om more 

, fimple Principles of Computation. 

Wherefore let him take efpecial Notice of the three Prin- 
ciples ,&fi proposed, as being more knowji,more iimple, more 
gqperaly but a few, and yet fuiSicient for all [Problems]» 
^aid kt Urn endoavovr to reduce all Difficulties to them be- 
fi^ others. 

Sut that tbde Theorems msff be aotownodated (o the 
Sobtipi;! of problems, the Scheme^ are o& tijmi3 to be f^- 

. tiber contoiSed^ hj pndmng out Somp oT tjie. tuie$ ^ 

ihcy 



xhtj cut others, or become of an aflign'd t^gth • or fcf 
dra wiiig Lines parallel or perpendicular from fome remautiicai- 
ble Point, or by conjoining fome remarkable Points ; at alfo 
fbmetimei By conftru6ting afctr other Methodi, acconimg u 
cift State of the Problem, and the Theorems which are 
made Ufe of to folve it, mall require. As for Example^ 
If two Lines that do not meet each other, make given Aii« 
^es wich a certain third line, perhaps we produce them fii^ 
iobac when they concur, or mtttj they (Nail form a Triaiu^, 
mrhofe- Anptes, and eonfequently the Rea(bns c£ their Sioes, 
fKdl be given ; Or,, if any Ajigle is uven, or be equal to 
any one, we c^ten complete it into a Triangle given in Sp6-* 
cicy, or fimihr to fomt other, and that by producing fome d 
the lines in the Scheme, or by drawing a Line fiibtendii^ aa 
Angle. If the Triangle be an oblique angled one, we often 
refblve it into two right aUgled ones, by letting fall a Per- 
pendicular* If the Bufinefs concerns multilateral [or many 
nded} Figure^ we refolve them into Triangles, by drawing; 
Diagonal linies; and fo in others ; always aiming at this 
£nd, vtju that the Scheme may be refolv'd either into given, 
or fimilar, or right angled Triangles. Iliu9, in the Exam- 
ple proposed, I draw ti^ Diagonal J3|D, that the Trapezium 
^ B CD may be rcfolv*d into the two .Triangles, ABD % 
mhc angled one, and B DC an oblique angled one. \yUt 
^imrt p.1 Then I refolve the oblique ari^jlcd one into, two 
riglit angled Triangles, by letting fall a Perpendicular ftom 
any of its Angks. BCotD, upon the oppolite Side ; as from 
Jf upon CD produced to £, that BE may meet it perpen- 
dicular^. But fince the ^gles BA D and B CD make, in . 
the mean while two right ones (by 22 Prep. 3 EUm.) as 
well as BCE and BCDy I perceive the Angles BAD 
and BCE to be equal ; eonfequently the* Triangles BCE 
and DAB to be fimilar. And fo 1 fee that the Compute 
tion (by affiuning AD.AB, and* B C as if C D were fought) 
maybe thus carry d on, viz,. AD and ^B (by reafon c£ 
the right angled Triangle -4 B D) give you BD, AD^ 
ABj BD^ and B C (by reafon of the fimilar Triangler 
ABD and CEBj give BE and C£. BD and B £ (by 
>^ leafon of the right angled Triaogle BED) eive E P ; and 
ED — EC gives CD. Whence there will be obtained an 
jEquation between the Value of CD fo found out, and the 
[fmall Algebraick] Letter that denotes it. We may alfo 
(and for Sie createft Part it is better fo to do, than fo fol- 
low the WorK too fat in one continue^ Ssrics) begin die 

N a VOfB: 
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Computation from different Principles^ or at Ipaft- prompts 
it by divers Methods to any one and the fame Conclufion, 
that at length there may be obtained jtwo Values, ot any 
the fame Quantity,* which' friay be made equal to oneano^ 
ther.. Thus, AD,, A By and SC, give JJJ5, JJ£, s^nd C£; 
as before^ then CD + C£ giv<fs ED y and, laflly, 3% 
and ED (by reafon of the right ant^led Triangle B,£23} 
give B E. You might alfo very well form the Computation 
3ius, that the Values of thofc Quantities fhoulci be fought 
Between wJiich any other known Relation interceed?, and 
then that Relation will bring it to an ^Equation. Thus, 
fince the Relation between die Lines BD, DC, BC, and 
C£, is manifeft from the 12th Prop, of ;the fecond Book of 
the Elcm. viz.. tliat BDq^BCq ~ CDqz=: 2 CD x CE : 
I feek BDq from the affum'd AD^nl AH ; and CE from 
the affum'd AD^ AB, and BC. And, laftly,, affuming CD 
I make BDq-^BCq—CDqz=:2CDY.CE. After fuch. 
Ways, and. led by thefe Sorts of Confultations, you ought 
jdways to take care of the Series of the Analyfis, and o^ the 
Scheme to be conftru<^ed in order to it, at once. . 

Hence, 1 believe, it will be manifeft what Geometricians, 
mean, when they biJ you imagine that to be already done 
"which is fought. For maKini^ * no Difference between the 
Icnown and unknown Qjantities^ you may affume any of 
them to' begin your Computation from, as much as if all 
had [indeed] been kr.own By a previous Solution, and you 
were no longer to confult the Solution of the Problem, but 
only the Proof of that Solution. Thus, in the firft of the 
three Ways of computing already defcribed, altho' perhaps 
AD be really fought, yet I imagine CD to be th# Quan- 
tity fought, as if \ had a mind to try whether its Valup 
deriv'd from AD vvifl coirKide with [or be equal to! its 
.Quantity before known. So alfo in the twx> laft Methods^ 
I don't propofe, as my Aim, aiiy Quantity to be fought, 
Tiut only fome how or other to bririg out an ^Equation from 
the Relations of the Lines : And, for fake of that Bulinef^ 
.1 affume all [the I41.es] WD, AB, BC, and C/3 as known, 
as much as if (the Qutflion being before folv*d) the Bufi- 
nefs was to enquire whether fuch and fuch Lines would fa- 
tisfy the Conditions C;f it, by [falling in or] agreeing with 
. any iEquations which the Relations of the Lines can exhi- 
' bit. 1 enter d upon the Bufinefs at firft Sight after this 
Way, and with fuch [Sort of] Cpnfulrattons ; but when I 
ariive at an ^Equation, I change my Metliod, and endeavour 
> • . ■ ' •. to 
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to fiad the Qp^ntity fought by the Redudion and Soliitidrt 
of tnat i^quation. Thus, laJlly^. we afTume often more; 
Quantities as known, than what are exprefs'd in the State of 
the Queftion. Of this you may fee an eminent Example • 
it) the ^.^d of the following Problems, where I hs^ve aiTum'd 
4, by and r, in the iEquatbn a-^bx -^ C'X* ^yy for deter- 
inining the Conick Sedion ; as alfo the other lines r,/, r, v^ 
of which the Problem, as it is proposed, hints nothing. For . 
you may aflume any Quantities by die Help whereof it is 
poflible to come to liquations; only taking this Care, that 
you obtain as many iEquations from them as you aflTumei' 
Qu unities really unknown. 

After yon hai^e confulted your Metliod of Computation,' 
and drawn *up your Scheme, give Names to the Cjumtities 
that enter into the Computation, (that is,* from which be* 
Jiig aflum'd the Values of others are to be derived, till at 
laft you cpme to an j£quation). diuHngfuch as involve all 
the Conditions df the Problem, and feem accommodated' 
before other* to the Bufinefs, and that flialLrender the Con- 
clufion (as fer a^ you can guefs^ more (imple, but yet noc 
mor^ than wliat fliall be fufficient for your Purpofe. Where- 
fore, don't give proper Names to Quantities which ma]rbe 
denominated from Narftes already given. Thus, from a 
^hole line given and its Parts, from the three Si Jes of a 
fight angled Triangle, and from three or four Proportionals, 
. fome one of the leaft confiJerable we leave without a Name, 
becaufe its Value may be deriv d from the Names of the 
reft As in the Exampk already brought, if I make y4D 
= x; and ABzha. I denote BD by no Letter, becaufe it 
is the third Side of a rio^ht angled Triangle ABDj and con^' 

Tequcntly its Value is y^xx — 44. Then if I fay BC^b^ 
fincc the Triangles Dj4B and BCE are iimilar, and thence 
the Lines AD i ABiiBCzCE proportional, to three 
Vhcrcof, mzi, to AD^ AB^ and J?Ctterc are already 
Names given j for that reafon I leave the fourth CE vrith^ 

out a Name, and in its room I make Ufc of — difcoyer'd 

X 

a 

from the for'-going Proportionality. And fo if DC he called 
c, I give no Name to D£, becaufe from its Pari, DC and 

dh db 

CEj or c and , its Value c + — comes oat. If^idg Fu 

■ X .X 

I ; But 
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But wliile I am talking of thefe Things, the Problem is 
almoft teduc'd to an j£quation. For, after the aforefaid 
Lcttera are ftt down for the Species of the principal lines^ 
thert remains nothing elfe to be done, but that out of thole 
Species the Values cf other Lines be made out according to 
2 ptecoi1ceiY*d Method, till after fome forefeen Way they 
come n> an iEquation. And I can fee nothing wanting in 
this Cafe, except that by [means ofj the right angled Tri- 
angles BCE and BDE I can bring out a double Value of 

BE, w. BCf — C£j (or W— ^^^=r F£^ j assAo 



BDq^^UEq I or xx-^Aa — ccx . I sa 



B Eq. And hence (blotting out on both Sides -^ — 1 1 fl^U 

XX ^ ^ 

2dbc 
have the ^Equation irl^:^xj^— '44— ^c— — ^9 whidb 

X 

fating rcduc'd^ becomes x^ 3r*+ Ifh^ -¥ ^sbc. 

fiut fince I have reckoned up feveral Methods for the So- 
lution of this Problem, and thofe not much unlike [one 
another] in the precedent [Paragraphs], of which that 
taken from Prop* 12. of the fecond Book of tl» Ekfx. b&* , 
ang (bmething cleverer than the refl, we will here fnbjoin it« 
Make therefore ^ D == X, AB^a, i?C==i, |ind CD^*^ 

ab 
and yooll have 2? Dj = a; at— ' a 4, and CE = — as before. 

X 

Thefe Species therefore being fubititated in the Theoiem for 
BDq^SCq^CDq,z=:2CD >cCE, there will arifc *;r ~ 

44 — ti— ctf=z:*-— , and afier Reduflion,*' = +^^* 

^ lahcj as before. 
Bur that it may appear how great a Variety there is in 

die Invention of Solutions, and that it is not very difficult 
iCMT a prudent Geometrician to light upon them, 1 have 
thought m to teach [or fiiew] other Ways of doing the 
fame Thing. And having drawn the Diagonal B"D; if in 
room of the Perpendicular B £, which befote was let fall 
from the Point B upon the Side D C, you now let fall a Per- 
pendicular from the Point D upon the Side B C^ or firom 

the 
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Ae Point C upon the Side j? P, by which the oblique aagleil 
Triaji^le BCD may any how be tefplir'd into twoagbc 
anglea Triangles, yoir ntay come almoA by the fame Mc^ 
thpd« I hav£ already delorib'd to tn ^uatioo. And dfcit 
are other Methods very difl^ent fion tfaefe ; as if dbeie um 
drawn two Diagonals, AC and BDj BP will !ie given by 
afibmiiie AD and AB ; as alio AC by affumiiig AD and 
CD; then, by the known Iheoiem of Qpadrdatenl K. 
gures inlcrib'd aii*a Ciick;, viz,. That ADxBC^ AByC 
CD is^AC^BD, you'll obtain an^uMoA. [nji H^ 
gwrt ii] Suppofe tii^efoie remaining tfae Names of the 
li nes'^D, AB^ BC, CD, vi^. jc, M .by^y BD will ht^ 

Vxx'^Miiy md AC=^\/xx — cc, biy the47th Pr^. of 
dK firft EUm. and thefe Specks of the linoi being fcfeAi- 
tiited m the Theorem w e jiifl no w mentioh'd, there wilj 

come out »i + 4fsr V^fl?*—-rrx V^**—<i4. ThePaiti 
of i^diich Equation being Iquar'd and reduc'd,^ yoifJl agaia 

aa 
have »* == + 1 J ^+ a^tr. 

But, moreover, that it may be manifefl after what Man- 
ner the Solutions drawn from that Theorem may he tbcnpt 
leduc'd to only the Similarity of Tnan^es, erefl Bff ««• 
pendicular to BC^ and meeting ^Cin £r, and these wifllif 
form*d the Triangles JBCH, SDA fimilar, by reafon of 
the right Angles at B^ and equal Afl^es tt C and j^^ (hf 
the 21 . 3. £/««.) as alfo the Triangles B CD, B H^Twhkh 
are alio] fimilar, by reafon of the equal Aiigltt^h at J^ 
(as may appear by taking away the common Angle DBH 
from the two right ones) ^s^ alfo at Z> and A (by 21* a 
Elim*) You may fee tbeiefore, itisit from the PropCMrdona- 
lity BD:AD::BC: HC^ there is §iven the Line HC; 
as alfo AH from the Pr6pordl>iiality BD iCBi\z AB 
: A H. Whence fiiice AH -k- M C==; A C, you have an iE- 
quftdon. The Names tbevefcofe aforefdkl of iStie lines re- 
miinkig, vu^ ar, ^fK^ ^ >Ifo fl ie Valocs o f the linea AC 

and BD, viz*. Vxx^^cc and Vxx-^kdy the fel 9m^ 

xb 
portionality wiD give HCx=i - .^r,;.;v;:,>, > Md tfie fecood 

will give AH:!SL '-:„r > Whence, by xeaTon of Aft 

^HC 
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bx + Mc ' 

)+HCi3:AC, you'll hav€ -> - ■ v — VAr.v^g^r^ an 



*iE(|uation which (hy multiplyiiifi; by v^a-a; — rfii, and by 
fquaring) will be rcducU to a Form often delcrib'd in' the 
preceding Pages. 

But that it may yet farther appear what a Plenty of So-'*^ 
lution&may be found, produce flC and AD till they meet 
in F, and the Triangles ABF B,udCD^ Will befimilar; 
becajufe the Angle at ^F is common, and the Angles ABP 
ud CDF (while they complcai the Angle Ct) A to two 
right ones, ,by 13, r. and 22, 3 £/eiw.) are equal [^irfr 
Ti^urt i^f\ Wherefore, if befides the four. Terms which 
coa>pofe the Queflion ^here was. giveli *4F, the Proportiodi 
ApiAF, :: CD I CF would give CF. Alfo AF^ ADi 
Wdqld give D F, and the Proportion CD i DF t: AB/.B.B 
would, give B F ; whence (fince BF—CF:^BC) the«: ^ 
Ifrould' arife an iEquition*. Biit fince there are aflum'd two 
tmknown Quantities a? if they were given, there remaiQ^ 
another ifiquation to be fpund. I let fall therefore 5 (? at 
right Aijgles upon >^F,. *and^Jie Prppprtion AD:, AB-. : 
AB : -i^(^ will give ACf ; which being hacl,, the Theoren^. 
inthe/j^3,,'^ £«c/. z;if&*^ that'.BF^ + 2f/^Q_^ A Bcj+^[ 
J<F^* l^dl ;givc another . ^Equation, '4, t, C'^.v' remaining^ 
theif^f6r^* ifsljefore, anh making -^rfJF —7, V^tfll have (hy\ 

infifling 6n the Steps alr<fady laid down) -- ±= CF. y — r a: —! 

VF. - — -^ ^BF. An4thciv:e-^— r-- -=i. 

tlie. fiiji , .Equation, Alfo -^ will be rf^G* and confe- 

th^ fecpnd 4^uatiOQ. Which two, by Red«cl:ions will give* 
the iEquJitioit 'fought, vk- The Value of f found by the firfl* 

jJEquatSon i*'^- — :—,• which being fubftltutcd inthefc-' 

cond," wilPgive-an ^quat ion^ from which rightly ordered 

a a" 
%viU come outx* =r + bbx^ 2^hcy as before. ^ 

And 
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And fo, i(AB and D C arc produced till they meet one 
another, the Solution will be much the fame, unlefs perhaps 
it be fomething ealier. Wherefore I will fubjoyn another 
Specimen of this [Prohlem] from ^ Fountain very unlike 
the former^ vi^ by feeking the Area of the Qpadrilateral 
Fij^uie proposed, and that doubly. I draw therefore the 
Diagonal B D^ that the Quadrilateral Figure may be re- 
Iblvd into two Triangles. Then ufing the N^imes of the 

Lines A?, 4, h^c , as before, I find BD = \/xx — 44, and 

^aV^xx-^-aa (= f ^B X BD) the Area of the Triangle 
ABD. Moreover, having let fell BE perpendicularly upon 
CD youil have (by reafon of the fimilar Triangles ABD^ 

BCE) AD I BD : : BC : BEy and confequently B£-: - 

X 

• I. * 

. be : . 

Vxx—aa. Wherefore alfo ~\/xx—aa (=|C723jc 

BE) will be the Area of the Triangle BCD. Now, by 

adding thefe Area's, there will arife — — — y^j, ^j^ 

2 X ' 

the Area of the whole Quadrilateral. After the fame Way, 
by drawing the Diagonal ACy and feeking the Area's of the 
Triangles y^ CD and ACBj and adding them^ there will 
again be obtain*d the Area of the QiaJrilateral Figure 

f ^ — Vxx — cc. Wherefore, by making tbefe Area's 

2X 

equal, and multiplying both by 2;i:, you H have ax^hc 

'V^*«— ,44 ==: cx-^-hd Vx^^^cCj an itquation which, 
by fquaring and dividing by a4x — €cx^ will be reduced to 

44 ' " 

the Form already often found our, at' + t^ ;ir<4- 24^ r* 

Hence it may appear how great a Plenty of Solutions may 
be had, and that fome Ways are much more neat than Om 
then. Wherefore, if the Method you take from your firlt 
ThoughtSjfor folving a Problem, be but ill accommodated to 
Computation, you muil again confider the Relations of the 
Lines, till vou (hall have hit on a Way as fit and elfsgant as 
poffible. For thofe Ways that offer themfelves at firft Sight,' 
may create fufficient Trouble, perhaps, if they are made LTfe 
of* Thus, in the Problem we have been upon, nothing 

O would 
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would have been more difficult than to have fallen upon the 
IbllowiAg Method inftead of one of the precedent ones. 

(Vidi Figure 13.1 Having let £a11 SttzniCS t)erpendica- 
ar to AD, as ilfe CT to BR, the Figure will be rcfolv'd 
Into tight kngled Triangles. And it hiay be feen. that AD 
lu)A A8 give AR, AD and CUgive SD^ AD — AR 
^SD gives RS ox TC Alfo AB zndAR give JJX, 
CD and SD give CS otTRj and BR-^TR giveaBT, 
laftty, BT and TC give BC, whence an Aquation will be 
^btain'd. But if any one fhould go to compute after this 
Rate^ he tvoold fall into larger [and more perplez'd]) Alge- 
Inraick Ttxmi than are any of the former, and hk^ diffiknilc 
t6 be brotKht to a final iEquation. 

So much for the Solution of Problems in right lined Geo- 
mmy ; unlefs it may perhaps be worth while to note ouxe- 
over, that when Angles, or Pofitions of Lines ezprefs'd by 
Angles, enter the State of the Qieftion, Lines, or the Pio« 
portions of Lines ought to be crfed inAead of Angles, vix^ 
flich as may. be deriv'd from given Angles by a Trigonome* 
trical Calculation i or 6rom which beine found, tl^ Angles 
fbught [ti^iin come out by the fame Guculus. Several In* 
fiances of which may be feen in the following Pages. 

As for what belongs to the Geometry or Curve Lines, 
we ufe to denote them, either by dercribing them by the 
local Motion of fight Lines, or by uling ^Equations indefi^ 
nitely expreffing the Relation of tight Lines difpot'd [in 
order] according ' to fome certain Law, and ending at die 
Girve Dnes. « The Antients did the fame by the Seoions of 
Solids, but lefs commodiomly. But the Computations that 
regard Curves defcrib'd after the firft Way, are no otherwile 
gerform'd than in the precedent fPa^sJ As if ARC be a 
Qif ve Line defcrib'd by K the Vertical Point of the Sjtrare 
AK^y whereof one Leg AK freely Aides through the Point 
A %inti by Fofition, white the other K^ of a determinate 
Leni^th is carry d along the right Line AD alfo. given by 
Pofition, and you are to fintf the Point C in which any 
right Line CD given t^lfo] by Pofition Ihall cut this 
Curve : 1 draw the right Lines At, Cf, which may teprefent 
the Square in the Pontion fought, and the Relation of the 
Jjiies (without any Differencfe [or Regard] of what is given 
6r fought, or any Refpefl had to the Curve) being confi- 
der'd, I ptrceive the Dependency of the others upon CFand 
any of thefe four, viz>. BQ BF, AF^ and -rfC to be Sytt- 
thetical, two whereof I therefbit aifume, asCFis^, and 

CB 
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CEis^Xj and be^imiqg tlie GpoipiiUtion froai ^mct, \ 
prefently obtain BF^ Vaa^xx. and AB :sz j 

by reafon of the ri^ht Angle CEF^ and that the Lines Bf 
z BCiiBC: AB are continual Proportionals. Moreover, 
from the given Pofition ot C Z), AD is given, which I 
cherefore caJl ^, there is alfo given the Mafon ot BC to 

SD, which 1 malce ai i to Ct aqd yoq have jB P i^ ^, unA 
AB:=zbr^^^. [ride FiiftTi n;] Thoiefoft *«.^Jt » 

X9^ 

^ ■ ' , an Jiquaf ioq which (by fquaring iti Ptati and 
mukij^itig by 4*>—»x) viU be icdocVl to thit Fonn, 

dd'i^Be 

Wl?ence, laftly» from the given Qtontities «, t, d^ and i>» 
X may to be found by Ri4es hereafter to be riven, ai^ at 
that Interval [or Diflance^ a; or HC, ^ ri^t Line drawn 
paraDeJ to AD wiU cut CD in the Po^t foiiB'^ ^* 



Now, if we don't tife Geometrical Defcfipdons but S^ 
quations to denote the Curve Lipes by. the Coinpotations 
will thereby become as omch fhorter ana eaiier, as the «aii|. 
ing of thofe i£quatiom can make tbeni JU if the Jnter* 
ieaion e of the given Ellipfli ACS vHth the right Line , 
CD ^ivtn by Pomion, be fought. To deoote the BKpifai^ I 

takefome known ^Equation ptopes fo it, asr4'frr!-^«j^ 

9 
sr^jjf where x is indefinitely put for any Part of the Axis 

AvorABf and y for the Perpendicular he ox BC termi* 

fiated at the Curve ; and r ana q are given from the giveh 

Specks of the Elliplis. \yidi Fignrt 15.] Since therefore ^ 

CD iz given by Pofition, A D will be alfo given, which 

call 4; and 5D will be 4— -;r ; alfo the Angle ADC will 

bt given, and thence the Reafon of £ D to BC^ which call 

I tor, and fiC (j) will be z^ca^^cx^ whole Square 

ii44'^2€e4X'^ icxx will be equal to r;e— —xx. And 

9 
O 2 thence 
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Aencc by Rcdu&ion there will arifc xx — ^ 



2deex + rX'--'^4uue 



"+7 



ot «= 






" + 7- 

Moreover, aJtho' a Curve be denoted by a Geometrical 
Defcription, or by aSeSionof a Solid, yet thence an jEqua- 
tiori may be obtained, which fiiall define the Natiflre of the 
Curve, and confcqucntly all the Difficulties, of ProUem* 
propps'd-about it may be reduc'd hither. 

Thus, in the former Example, if -*^ 5 be called x^ and 

BC y^ the third Proportional BF will be—, whofe Square, 
together with .' ibe: Square of £ C^ is equal to C Fq^ that i^ 
'^ Y yj:=£ 4ii yht j^ -^^ X X jj jriaa X X. And this is an 

XX 

i£quation by which eve'ry Poini C of the Curve AKC^ a« 
grceing or cpr^ppndinjg to any Length of the Bafc (and 
conf^uently the Curve it felf) is defined, and frorii whence 
confcqucntly you may pbtain the Solutions of Problems pro- 
posed concerning this Curve. . 

Afer the fame Wanner almoft, when aCurvels not given 
in Specie, but pi^opos' d to be detrraun'd, you may f^ig^ an ' 
^JEquation at PJeafuie^ that may ^eiierally contaitf its Na- 
.ture, and aflume tUs to denote it as\ it it was giveh^ that 
from its Affumptior^. you can any. Way come to i£quations 
by which . the Affumptions may re ^etermin'd ; uamples 
whereof you have ia fome of the following Probfer^ which 
I have colle£led for a more full Illuftration of this &oSrine, 
and which I now proccicd to deliver. . 



• * 

. .. » 



• V- 
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Problem I. 

Having a finite right Line EC given, from 
nxihofe Ends the two right Lines BAj CA are 
drawn with the given Angles^ ABCj ACB j to 
find AD the Height of the Concourfe A, [or 
the Point of their meetingl^ above the given 
Line EC. [Vide Figure 1 6.] 

J^keB€sp^9 and y^D=;f; and fince the Angle ABB^ 
^ _ is given, there will hp given (from the Table of Sinet 
or Tangents) tfa^ Ratio between the Lines ^D and B D' whicb^, 
make as i< to f* -Therefore 4:e:: AD CjfJ • BD. Where- 

lore BD :^ -^^ In like Manner, by reafon of the given 

^gle ACD there will be given the Ratio between AD, 

and DCj which make as d to f, and you'll havt DCzs^f* 

But5Z?+DC-:=iC,thati8,^+^ = 4. Which re: 
duc'd by midtiplying both Parts of the iiEquatida by d^^ml 
dividing By r +/, becomes 7 = 



M 



Problem IL 

The Sides AE, AC of the Triangle ABC being 
given^ and alfo the Bafe BC^ which the Per- 
pendicular AD [let fair] from the Vertical 
Angle cuts in D, to find the Segments ED and 
DC-, CVide Figyre 17.] . 

LET-rfBss/i, -rfCrri, BCssr, and^Dsrje, aiidDC 
I wiUr-cf— *. Nowfincey^Bj— i5J7^(44 — xx) zss^ 
ADq; 2niACi^^DCq(bh'^cC'\'2C9C'^xx)z=:ADq^ 
youll have 4<— arA: = ti— rr+2f^ — xx^ which oy 

Reduaion becooaes ■■ *^ ■ T > =jf« ' 

' • • • ' • ■ . . 

But 
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But that it may appear that all the DifScuIties ^f all Pr<v 
blems may be refolv'd by oiily the Proportionality of Lines, 
without the Help of the 47 of % EttcL altho* not without 
roDnd<<aboDt Methods, I thought fit to fubjoyn the follow- 
iQg Solution of this Problem over and above. Prom the 
Point D let fall the Perpendicular D £ upon the Side ^ B^ 
and the flames of the tines, already glvoi, remsUoing. you'll 
hxffeAB:Bp::BD;B£. 

4:x.:x^. And «^— BE (^a^^^^-BJ^kUoM^z 

^AH : : jiD : AB^ andconfcquently|S-rfx-rfB{44^;irjr) 
sn ADq. And fo, by rtafomng about the Tmn^e \/4C|>p 
lime will be found again ADq^ffb-^ce'V-^cX'-^sfix. 

Whence yon will pbtm a^ b^fpi^ ym l . ■■ .TTiff^ 

P«.OBLBM III* 

Tke Ar^A and Perimeter of the rizH angl^^ 
Triangle 'ABC being gtveriy to find the ly^po- 

thenufe BC. j^Vide Figure j8t3 

t. 5T tU Fcriqictcr be [called] 4, the A tw hhy m rte B 
^ szx,ax)dAC:=zj jAen will ARm/^^'^JJ I ^hfncij 
again the Perimeter (1^ + Ad -^ AB) is x + y + 

vxx — jy^ and the Area (fy^C x AB) is ^yvxX'-^jTf 
:=z ih. Th erefore ' x + jr + VA?Ar— yjf = 4y and^ f jf 

\ , Tke latter of thefe ^Equations gives v^Ar^r— yj|= >-; 
whwrepjrc I writ^ — for ^xX'^ijv^ the formef jEqua« 

y ■ 

cion, that the Afymmetry may be taken away ^ ' and there 
09^68 out x-^-y^ — se!<<, OT Adtijiying by>, and of- 

dering [the jEquationl yy — 4jf ♦^^^ ^^zhh. Mott;over, 
from! the Parts of the rormeV ifiquatbn I take z,w^y * -^ Ji 

and there remains ViVAf-«^yys:4^«-^x—jf, and fquarit^ 
the Parts to take away again the Afymmetry, there comes 
out ;i:« — yjf =r 44— 2dx — 24y +«ap + 2A?y+;ry, 
'^hich or Jer'd and divided by 2^ beqomes' yy=:4;[— xy 

+ 44 



Va 
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-dx^iaa. laffly, making an EqaaUtf betw«n the e 
aloes <»fyy, I have *y--xj-'2hh=My--*j^^x-Z 

%jiM, which tedCK'd becomes |<— . il* -_,^ "^ 

7l« /4Mrr Mbenrifi. 

P* l>5^ P«mn»eter =*, the Atea » W, and BC-y^ 
and ^C + iif2;=r24.~». Now fince «* (fiG») JJ'^! 
^Cq-\-AB^yaad^bh-2JiCY.AB, xx-\- ^hyit'ia = 
^Gy -\-ABq-\- z AC X ^B s to dik Sqtwe of ;?C+3ig 
= totheSquateof 2-— * = 4«— A4« + **; Thatia. 
** Tl'^** = +*'* "~ 4^* + **» w°»ch ieduc'd bccooMa 

Problem IV. 

Having given the Ares, Perimeter^ and one of 
the jingles A of any Triangle ABC^ to detet^ 
mine we reft. ^Vidc Figure 19.] 

LETthePeriiiieei^I>e<t=4,Atldtiic Atea=:(&, andfiom 
either of the unknown Angles, as C^ let fell the Perpen- 
Jar Cf) to the oppofite Side AB ; and by reafon of the 
^vcn Angle -rf, AC wil] be to CD in a given Ratio, fup. 

pofeasittoe. Call therefore ^C arjr, and CD wiDzt-^ 
bjr which ^Bride the doable Am, and dieie will come 09c 
^-— - xkAB. .Add AD (ffc. VACq^^CDq, or ^k 

Vi4— .er) and there wiH come out5D-s^^ 4.^%c 
V44*^€tj to the Square whereof add CDj, ^tid ihete wiD 

ttxst . i _ * 

fcan the Penmeter trte away AC aitd ^B, and there wiD 

remain a^x =BC, the Square wbeteof 44«« 

44WJ , 4hhd 4,h^dd 
2MX+ xx-^^ • + 3 ^3 nyjjg ^q^ ^ 

ex r ef;r* 

the 



the Square IcfoTC fbund • and neglefling the Equivalents,^ 
yotfU have ♦^i ^li::^t = a^ - ^Ix - il^ + 

^ • And this, by afluming 44/ for the given Terms 

44 ^ ^^ 1 — Ydd-^ce ; and by reducing becomes 

The fame JEquatioti would have come out alfo by feeking 

. the Leg ^ B ; for the Sides AB and AC are indilFeienriy 

alike to all the Conditions of the Problem, Wherefore if 

ACht made =/- /}f^ £**?, ^5 will == / + 

// 2hli 

y ff ^ and reciprocally i and the Sum of tfaefe 2 / 

e ■ i ' 

fubtra£led &om the Perimeter, leaves tH^ third Side BC-^ 

.• . • . 

Pr-oblem v. , 

.... • t , ■ 

Having given the Altitude^ Bafe^ and Sum of 
the Sides ^ to find the Triangle. 

r ET the Altitude CD =:-r, half the Balis ^B=L half 
\ M the Sum of the Sides = c, and their Semi-<iifierence = * • 
anjthe greater Side as BC=c + «i, and the leffer AC^ 
rr-J&. Subtraa CDg from CB^ , and alfo fr om ACq^ and 
hence wil l BB = i/cc+ 2gg > + g.g,:— 44, and thence 
-^15= V^rc— 2ct + g,g,,-.44. Subtraa alfo AB from B D, 

gid AB will again == V^r^ +^«r+ z.z.^4d^^ih. 
Having noW fquared the Values of AD^ and order'd the 

T«rms, there will arifeH>+rst = |iV^<rr-|.2rx.+ t«,--44. 
Again, by fquaring and reducing into Order, you 11 obtaia 
cc z.z.^^h}fz.z, — hbcc — bbdd — b\ Ai^ ft = * 

n* W'^*^^ ^"^ 5*^ *^^ given. 



PRO- 



I* R O B L E M VL 

Having given the Bafe AB^ and the Sum of the 
Sides AC -V BC^ and alfo the Vertical Angle 
Cy to determine the Sides. QVide Figure ac,] 

MAke the Bafe — 4» half the Sum of the Sides :± t, and 
half the DifFercnccrr.t, and the greater Side BC will be 
5= fc + ;if , and the lefler AC^^h'*^:^. Ftom either of the 
Unknown Angles A let fall the Perpendicular AD to the 
oppofite Side B C, and by reafon of the given Angle C therfc 
will be given the Ratio of AC to CD, fuppofe as d to ry 

and then CD will zc — ^^^— . Alfo, by it. 2 £lemi 

and fb you have an ^Equation between the Values of CDi 

And this rcduc'd, x becomes = f/ ^^^-V^ eb b—idbb ^ 

2d-^2e 
whence the Sides are given. 

If the Angles at the Bafe were fought, the Conclufion 
would be more neat, as draw E C bifefling the given Angle 
and meeting the Bafe in E ; and^i?: AC-^^BC O'^E 
:AQ :: Sine Angle ACE : Sine Angle ^EC j and if from 
the Angle AEQ and alfo from its Complement B £ C you 
fubtraa f the Angle C, there will be left tjie Angles ABC 
miBAC 

Problem VII. 

I * 

Having given the Sides of any Parallelogram 
^ AB\ BD, DC, and AC, and one of the Di- 
agonals BC, to find the other Diagonal A D» 
[,Vide Figure 21.] 

LET £ be the Concourfe of the Diagonals, and to the 
} Diagonal B C let fall the Perpendicular A f , and by 

4e,3. ^EUm, lB.ZZd^p:J3 ^Cf, And alfo 

2/»C ' 
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'^^^^^ gJl^^CF. Wherefore fincc ECzz fBC^nd 

= 1^ A jgc — == nr~ — ^ 

md havkig leduc'd, AV s= V^2-r<Cj + 2-^JB^ — i? Cj. 

Whenc^ by the by, in any Parallelogram, the Sum of 
the Squares of the Sides is equal to the Sum of the Sqaans 
ci the Diagonals. 

Problem VIII. 

Having given the Angles of the Trapezium 
' ABCD^ alfo its Fenimeter at^d Area^ p deter* 
mine the Sides. £Vide Figure 22 J\ 

EodiKx anv two of the Sides ^B and D C tfll they meet 
in£y analet^f = ;r, and BC::zj% and becaofe aH 
Qgk« are given, there are given the Ratio's of B C 
to C£ and BE^ which make ito t 2LRdf; and CE will be 

t=:^-^, an4 BEsz ^, and cx>nfequcntly -^£=:Af + t^^ 

There are alfo given the Ratio's of AE to A D^ and of 
AEtoDE; which make as^ to d^ and ^ hto d; and 

jiD wiB ="^^^1^, and ED-^^^4^^ and confe. 

g '> 

^uently C P c= ■ ■ T ' ^^ '-^'Tf *^ the Sum of jail the 

b d 

Sides *+>4- ^^^^^ J^^l±Il^'2f which, fmccit 

S » d ' 

is given, call it 4, and the Terms wiQ be abbreviated by 

p d d ^ 

writing ■ for the given i + — h -r, and^ for the given 

t-^- +-7 — -!. and you'll hav^ the JEnvoition ^^"^^^ 
g b £ r 

Moreover, by Realbn of all the Angles given^ there is 
given the [Ratio or] Reafon ol BCq to the Triangle BCE, 

which make as m to f^ and the Triangle BCEs^^yy. 

w 

There u rifo givea the Ratio of ^Eq to the Triangle 
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^1>£; which m^ismtod} and the Triangle ;<i2>C 
wiB be ^ ilfl±^pZ±m. Whttefoe, fi«e th. 
Area ACy which is the DiSerence of thofe Triangles, is 

given, let it be it, and *^*^-^ ^^f^y^fhy-d^j* 

dm 
will be ==(2^. And fo you have two iEqmtians^ fiom [or 
by] the Kedudion whereof aQ is determia'd. ^fe. The 

« 

iEquation aboyc gives LJUSI^x^ and fcy wxidng^ 

rr^Z for 9f in. the laflL there comes out 

p 

drrd4^2dqr4y'\'dqqyy 2afry^2ffyy ff^^jnyf 

ppm "^ pm '^ dm ^ 

^t ; and the Terms being abbreviated by writing 1 for the 

given Quantity ^^Vl^ff^^ and — /( far the 

PP P d 

given — — -^+ -^, and rtv for the riven Ihmt^ 

PP P 
irrad 



-, theieafifesy;f = 2r;r <-t"^t^> ot j^ s= I + VTi+ii"' 

Problem IX. 

Tofurround the Fijh-Pond A BCD with a Walk 
ABCDEFGH of a given Area, and if 
the fame Breadth every where. £Vide Fir 
gurc 23O 

^ET the Breadth of the Walk be x^ and its Area 44; 
And, letting fall the Perpendicular^ AK^ BL^ B At^ 
/COj DP, DH, Al, from the Points -^^,C,D, to 
die lines £ F, F6. C? tf, and H£, ix> divide the Walk into 
the four Trapezia IK^ LM^ ^Oy?SL and into the^uc 
parallelograms ALy BN, CP^ DI, oftiie Latitixte >/andi 
of the fame Length with the Sides of tiie given Trapezium* 
bt therefore the Sum of the Sides (AB'^BC-^CD^ 
vA)±::l^ afid ^ S«D of the Parsllelograms will te 

• * 

Pa Mote- 



I ■ 



Cio8]: 

Morcoyer, ^ving drawn AE, BF^CG^ DH ; ^nct 
ATiiTi^AK, the Angle ^£7 wUl be = Angle AEK 
ft; I / f iT, . or I DAB. Thereft)rc the Angle AEIis given, 
aijd confequeotiy the ^atio of ^ / to / £, which make as 

ex 

d to f, and IE will be = — . Multiply this into f Al^ 



Cr f A?, and, die Aiea of the Triangle AEI will be = — , 

But by reafo'n of equal Angles and Sides, the Triangles 
i^£/ and-.vlBJtiareeqyal, and ccwifeiquently the Tragezi- 

urn IK (=: 2Triang. AEF) = - • In Ijke manner, by 

putting PL ri.F::// :/, and CNiNG: :d:gj and DP 
z^Hii ;d*: k^ (for thofc Reafons are alfo given from the' 
given Angles JB, C, and D) you 11 have the Trapezium L M 

t= — .- ,iVO = ^>, and Pjg;=: — ~, Wherefore - .• 



. /jf* , £*'^ 'hxx pxx , .. ^ ,x 

+ -J- + ^ + —jT^ /^^ ^~"» '^y ^"t^g V for e +f 

rf g 4- £r Vill be equal to the foqr'Tiapeziutns lK-\- LM 
^'NOA'P 0^7 and cpnfeqoently '--^^ ^- 1 ;r will be e<jaal 
to the whole Walk 44. Which ^Equation, by dividing all 
the Terms by -^, "ancj extraSing its Root, x will become 

»*' .. * •. r • •- ' • • ■ . 

ts ^ — ^»— i- r-4-2 — i—. And the Br^^dtfa of the 

2P 

^alk being thus found, it is eafy to defcribe it. 

Problem X, 

^ 'T ' ' t 

, 3f". . ' -f I 

from %he giveri^Qint G, to draw the jigjpt I^tne 

'"' CFy which j^iogether] with twa dthet riglpt 

tines AE dni JF given ij ?oJltion\ Jhall 

toptp}^ehl^nd[oreonJiitute^theT^riangle AEF 

" ^f d given Magnitude. QVi'de Figure. 24*3 

- • , •• • -; . ^ I-*' » , •' » . ,, ... 

DRAW CD parallel to AE, *pd C5 and £ (7 perpcn- 
diciilar to ^F, andlet^fD— 4, C5:=;>, Sii\iA( 
fs^i a^d the A^ea of (he Triangle AEPszcc, and by 
-.^"i-;- ;::/• t. .i ^:i ;•) 'i? '> ^ .•- •* > reafoo 
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r^foh o£ the proportional Quantities DV i AV(iiDCi 
AE) zzCBi EG, that is, a-^x xx izhi — j— will be 

• =EG. Multiply this intof^f, and there will 

come out — — — , the Quantity of the Area y4£F, which 
v&z=zcc. And fo the ^Equation being orde red [righ tly] »x 

will = — ^ — — •, or X— — ^ r . 

After the fame Manner a right I4nc may be d^awn thro* 
a given Point, which fliall divide any Triangl^of Trapczi* 
um in a given Ratio. 

Problem XL 

To determine the Point C in the given right 
hine D jF, from which the right Lines A C 
and B C drawn to two other Points A and B 
^iven by Pojition^ Jhall have ji give fh T>iffe^ 
fence. QVide Figure 25,] 

FROM the given Points let fall the Perpendiculars AD 
and BF to the given right line, and ms^ke AD zs ^9 

BF=zh, DW^c, DC^x,, mdAC will = V^mm J^xx^ 

FC=x — r, and BCzi2\^bb^xx — 2cx-\-ce. Now 
let their given Difference be d, >4fC being greater than BCk 

y'JT+T?— << wiH :=:: Vhb-\- xx'^2c x^cc. And 

fquarine thp Pa^ 44-^ xx-^ di'^2d^/aa'\' $c9e znhh 
+ xX'-^2cX'\^cc. And reducing, and for Abbreviation 
(^e, writing 2ee inftead of the given [Qpantities] 44 
4-Ji— •ti— cr, there will come out ff •+T;r"=</K 

V44 -^xx. And again, having fquarcd the Parts e* 4- 
2cetx -^^ ccxkz=:dd4a'\' ddx.x. And the ^uation 

V . ^ , , • 2feCX + K'^*^44dd 

being reduc a a? a: :;= — = — ■ . , v — — ^- — ,• or 

ttC'^V€^dd'^44d'^ '\'44ddcC 

p( ,mmm ' 

lEhe 
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Th« Problem wUl be rcfolv'd after the fafftc Way; tf the 
Sum of the lines AC 2Lv\d BC, oi the Sbm of the Difference 
pr their Squares, or the Proportion or Rc£langle, or the 
Angle compreHended by them be given ; Or alfo, if inftesuj 
of the right Line D Q you make Ufc of the Circumfewncc 
of a Circle, or any other Curve Line, fo the Calculation (in 
this laft Cafe efpecially) relates to the Liae that joyns the 
Points -^ and 5. 

t^ R O B L E M XIL 

To determine the Point Z, from which if four 
ri^ht Lines ZA, ZB^ ZC, and ZD are drawn 
at given A^igles to four right Lines given hy 
Pofition, viz: FA, EB, FQ GD, the ReHan^ 
gle of two of the given Lines Z A and ZB^ 
and the Sum of the other two ZC and ZB 
fnay be given. QVide Figure 26.] 

^Bom aoiong the Lines chufe one, as R^ given by pofir 
tion, as alfo another, ZA, not given by Pofition, and 

h is drawn to it, from the Lengths wherdof the Point 

^may be determined, and produce: the. other Lines giren 
bv I^ofltion till they meet thefe, qj be pxjduc'd farther out 
ir tliere be Occafion, as you fee [here^. And having made 
JB*#=5*, and^Z = y, byreafoh of the given Angles of 
the Triangles AEHj thdte will be givch tlie Ratio ^ AE 

to AH^ which make as p to q^ and AH will be c^ ^. 

■'..-•■ : • ' ■ p 

Add -^^, and Z H will be = 1 4. 2^. And tbence, fincc 

by reafon of the given Angles of fee Triangle HZ It, there 
is given the Ratio o£ HZ to BZ^ if that be made as i» fO 

t you'll have ZB:x ^^'^^^ , Moieoven if the giVen E F 

be called 4, AF will tr: 4. — je, arid thence, if by reafon of 
the given Angles of the Triangle y#F/, Af ht made 
to A Tin the fame Ratio as p to r, A I wiD become 

tsz r. Take this from AZ and there will remain 




T A ^'^^Y St 

iZtt^ . And by rcafon of the given Angles of 

die Triangle /CZ, if you make IZ to ZC in the fame 

Katio as mto p. ZC will become =r ZHZ — J!l — , After 

^ m 

the fame Way, if you make EGznh AG : AK :: I: s^ 

and ZlC:ZD::p:l^ there will be obtained ^Dsz 

p 
Now, &om the State of the Queftion, if the Sum of the 

^ rr- -1 ^^ A 'yn PJI'^rd + rx sb — sx^j 
two {Lines] ZC and ZD^ ^ 1 — ^ 

f9$ p 

be made equal to any given one i and the Redangle of thf 

Other two ^"^ ^ ^ be made ~ gg^ you'D have two ifi. 

If 

quations for determining x and j. By the latter there comes 
9Dt gss - ^^ '^Pyy 30^ j,y vrriting thiai Value of a? in 

^y . 

tile room of that in the former ^Equation, there will come 
^ yy-r^ \ ^Hg-rpyj . sh^lj sngg^spj, 

m * mqj p pqj 

jfzfy and by Redudion yj^ =;s 
fpqrj^bmi}sy'^fmpqy'^ggwns--ggnpr ^ ^^^ 

*~ ^ ppq—ppr — mpq-^mps ' 

Abbreviation lake, writing 2 ib for !^f?^~»>»^?;+/«^Pg^ 

PP5 — ppr — «r/ J 4- «ip* 

aadHfor ~«!!!^i::lfl^l_, yotfll have ,, = 
ppq — ppr'^mlqj\^ps '^ 

2hy'^iky OT jszh±VFh^ii. Andfincey isknown 
by means of this ifiquation, the i^uation - ^^'^^^ •szx 

qy 

will giv« X. Which is fufficient to determine the Point z,. 

After the fame Way a Point is determined [or may be de« 
termin'd} from which othop light Lines may be drawn to 
more or fewer right Lines given by Pofition, fo that the Sum, 
or Difi^rence^ or Redangle of ibpie of them niay be given, 
or may be made equal to the Sum, or Difference, or Redan-^ 
gle of the reft, or that they m^y have any other aflign'd 
Conditional. 

PRO- 
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Problem XIII. 

To fuhtend the^ right Angle EAF with the right 
Line EF given in Magnitude^ which Jhall 
pafs through the given Point C, [which Jhall, 
be'] d£quidijlant from the Lines that compre- 
hend the right Angle (when they areproducd^m 
jTVidc Figure 27/j 

COmpliete the Square ABCD, and bifeS the Line E P 
in G. Then call CB or CD, a; EG or FG^ h ; and 
C6, X ; and C£ will = ar ^ *, and .C F^x-^h. Then 

fincc CFa^BCq = BFa, BF wmr=:\^xx+2bx+bb^sut 
Laitiy, Dt reafon of the fimilar Triangles CDEy FBC^ 
C E:CD::C F:B F, OTx -^h : 4 : : ar + 1 : 

^ ^xx-^ 2hx*^bb'^4a. Whence aX'^ahzzzx — b >c 

Vxx + 2bx -{-bb — 44. Each part of which Equation 
being fquaf'd, and the Terms that conie out being reduc'd 

into Order, there comes out a:* ts • ^If *;e "• ^1f ^* 
And extrading the Root as in Q uadratick ^E quations, there 
comes out xxs s:44^bb'^\^4^'\-^ 44bb 5 and confe* 

quently x = r^^ + * * + ^^4"^ '\-4.44bb. And CG being 

thus found, gives CE or CF^ which, by determining the 
Point £ or F, iacisfies the Problem. 

The fame otherwifi; 

let CE be = «, CD = 4, and £F=:^ ; and C F will 

be=jr-i-K and 2?F='/«x+ii4- 2**— 44. An* 
the n fince CE : CD:: CF : BF, or at ; 4 ; : * + t : 

V ^Aj^" 2bx '\'hb-^44^ 4X + 4b will be -=WX 

%/xx^ 2b X + it — 44. The Parts of this i£quation 
being fquar'dy and the Terms reduc'd into Order, there 

I L L 

will come out at* + 2bx^ ^ ^ xx'^244bX'^44hb=0f 

•—244 

a Biquadracick ^Equation, the InveiUgation of the Root of 
which is mpre difficult dian in the former Cafe* But it 

may 



may be thus invcftigated; put ;**+ ^^^^\Z.ol ^^•^ 
':^^4^x-{-4^:=44ti^4'^^9 ^"^ c^ctraaing th« Root on 
both Sides .t;r + t;r— 44=+ 4 ^da 4- **• 

Hence I have an Opportunity of giving a Rule for the 
Eledion of Terms for the Calculus, vix,. when there hap- 
pens to be fuch an Affinity or Similitude of the Relation of 
two Terms to the other Terms of the Queftion, that yoii 
fliould be oblig^i in making Ufe of either of them to brii^ 
cut ^Equations ezaSIy alike; or that both, if they are made 
Ufe of together, fhall bringout tl|e fame Dimenfions and 
the fame Form in the final ^Equation, (only excepting per« 
haps the Signs + and — -^ which will be eafily [[and reai-^' 
dilyl feen) then it will be the beft Way to make Ufe of 
neither of them, but in their room to chufe fome third* 
which Ihall bear a like Relation to both, as luppofe the hsilf 
Sum, or half Difference, or perhaps a mean Proportional, 
or any other Quantity related to both indifferently and 
without a like [before made Ufe of]. Thus, in the prece* 
dent Problem, when I fee the line £ F alike related to bodi 
A B and A D^ (which will be evident if you alfo draw EF 
in the Angle BAH) and therefore I can by no Realbn be 
perfwaded why ED Ihould be rather made Ufe of than 
BFy ox AE rather than A?y or CE rather than CF fot 
the Quantity fought : Wherefore, in the room of the Pointi 
C and F, &om whence this Ambiguity comes, (in the for* 
mer Solution) I made Ufe of the intcnnediate [Point] G^ 
which has {ox bears] a like Relation to both the lines AB 
and A Dt Then from this Point G, I did not let fidl a Per- 

r' indicular to AF for finding the Quantity foi;^ht, becaufi| 
might by the fame Ratio have let one &11 t<KA D, And 
therefore I let it fall upon neither CB nor CZ?, but propos'd 
CG for the Quantity fought, whid^does not admit of ^ 
like ; and fo I obtained a Biquadratick i£quation without 
the odd Terms. 

1 jougfat alio (taking Notice that the. Point G ttrt in the 
Periphery of a Circle defcrib'd from the Center ^^by the 
Radius £ (7 j have let fall the Perpendicular GK upon the 
Diagonal AQ and have fought AKox CKj (as which beaf^ 
alfo a like Relation to both AB and AD) and fo 1 IhouUt^ ^ 
have fall"!) upon a Qpadratick ifiquation, vitu. yyzszkfj 
4- 1 1 *, making AK^jj AC= e, and AG = b. And 
AK being fis^und, there muft have beeqi ereded the Fer« 

\ Q. pendicultt 



pendicular KG meetiiig the afettfaid Circle in G, thxo' 
.whteh CF ^ovld paft» 

TaRttrg particular Notice of this Rule in Prot. 5 a^ii 6, 
iwrhCW the Sidft tC and AC were to be dcterfliin^d, I ra- 
thcr fou^t the Scmi-diflfefencc thait cither of them. But 
^ l^efid/teiS of fhlf lUder ti^it) be mote etid^nc iitm the 
f8lib#ing Pifoblei^r 

PKOBLfeM XIV.. 

S» t0 infer fh the right Line DC ^ agiwn 
Linjl^th ih We given Conick SeEtion uAC^ 
that it may pap thrdugh the Point G given 
fy Pojkion. (iVide Figure 28.3 

ET i^F be the /mt of theOfrvef, and &oifi the Points 
^ J P, 6, and Clet faB to it the KrpendicoUrs DH, GE^ 
Mvi GB. Now to determine the Pofition of the right line 
Sd it tmy be prdpos'd to firtd out the Point DotC;hA 
ilttt thde ate related^ and fd aiate, that there wddd be the 
Kkt Openttien in determining either of thcm^ whcthihr I 
«tte tfefick CG, CB, or AB^ or their Jikea, DC, DH, ot 
iftH i therefore 1 took aftef a third Point, thut regascb D 
ind C afihe^ and at thd fame tilxft cktelrminea them. And t 
fc^ r to be foch a Point* 

- NcW^ ht «^£tfEr^^ EGtnhf DCszCi smd EFrft*; 
•f)d b^id^i) fince the folation b^t^cen ^fl and U C in d» 
iBiafttiort, I fupjiofe, given for determining the Conick 
S^fAdhiUtABtuxsECz^yj andFB willbe=s.v — 4 + *, 
AfliblcailftG£:£F::£J?:F£, FJS will again be ±i 

t^4 therefoic, AT— 4+«'=Y* Thefe Things beiiq^ 
fliite Ikid down, bllte In^ay at^ by the Eduatiort thit denotet 
I6i ttjpfelfeq the Ctrf^re, p if the Cuf ve b^ a Parabola 

iH^s^d i&y the Aquation rxzsiyjf^ i^rtite i? for * j «d 



L 



thjrKWillarift^*^-« + fc-fc^, atid ew«aing the Root 

■ ■ ." ■' 

f*i^4 + ^^ + *»'— »-•• WheiK* it is evident^ 
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that r '-^ + v' — 4 »* >* 0w Di8«ienc» of thfc donUe 

Value of ^, that is <^ the Lines -\- B C and ^^ D H, and 
coiifequeotly ^iana§iet t^DKfapeildtcxiai upon CS) 
that Difference it e^ to CK. But FG : GE : : DC: 

CK, that is, v'jF+TI : i : : r •V~^r- + 4-*'' — 4'"6> 
And by mdtiplying tlw Squsres of .the M^uif , and alfo the 
Squares of ttK Eitrearas into one another, ' and oidcting 
the Fiodu^h, there will arife x.^ = 

ii u ~ — n — Mv aa ^tutton 

rr 
of four Dimenlions, which would have sfin to one of 
vight SHpKn&gna if 1 l«d fougtx iather C<7, pr Cf , ot 
Ai. 



f K.ojxc'M xy. 

■tfr ^vidt ti fiv&n Angl 
'Number. QVide Figure 3 j. j 



Ttf midt^Tt -er fivuh a fiwn AngU -if a given 



IN any Angle FAG infciibe t)>e I^ict AS tC, CD, 
VE, &c. of any the fame Length, and the Trianglei 
jftC, sen, CDS, DSt,«-c. w*he.(l./«l,;, ai!ii,con. 
JWUCTllj % .tlle«i.,I. Sw/.-tlia *i^ CBD «i( he^ 
,4i«lp^+^C*=.J*Iigie4 tiajihe Angle VCf- s- 
fusf^Ajf ADS:^t,lm^4, (ml -the Angle £Df= 
^•+ -AE P « 4-4lSle .4 «nd<tlf Vtflgle f £ C ,1 S JJWBe 
y<, and fo onwanis. Ninf, jwjllgc .-ttB, iC, CO, (fa. tlje 
Badii of equal Circles, the Perpendiculara BK.CL, DM, 
&c. let fall upon AC, BD, CE, &c. will be the Sines of 
thofe Angles, aiA AK, BL, CM, DM, &t. will he their 
Sines Complement to a light one ; or malung j4£ the Di- 
ameter, the Lines AK, BL, CM, &e. will be Chorda. 
^.l^ltaeSoK AB = 2r,aniAK=x, then work chos : 

AS:AK:iAC:Al. 



a» 
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XX > srBi, the DMpUcation; 






r 



lAKz: AD (:iAL^ AB) : AM. 

2XX. X* ^ 

ar I X : : — — ar : — — x 

r rr 

rAM^ACj 
And < ;r » S= JCiW, the Triplication. 

'AB :AK::AE (2^ Af —^6 : >*iV. 

2X* AT* 2Af« . 

2r:»« ::• — 4Jt : — — ^ • 



{AN^AD y 
x"" 4** 1 ^3=DJV,thcQuadfqpUcationi 



:rf5 : AK ; : ^F (2 AN^AU) : AO. 

fAO^AE 7 

And Ix' 5^*1 > =£0, *c Qpintuphcation. 

And fo onivards. Now if you would divide an Angle 
into any Numbet of Parts, put;| fdr BL, CM, DJSf, &c. 
and yoD*lIhavcic;r — 2rrs=:^r for the Bifefiion $ xxx-^ 
^TfX^^qr^ fortHe TrifeSion ; ;ji:;rflPAf— 4rraPA:+ 21^'* 
srjr» for the Qpadrifcflion ; xxxxx^^^r^x^ + 5^*^ 
^ jr* fi» the Qjiinquifisftion, &c. 



<t •■ 






Pro- 



v ; 



t \ 



Pr.obi.em XVL 

To determine the Pojition of a Comeths Conrfe [or 
Way] that moves uniformly Hi a ri^ht Line^ 
[^as] BDy from three Obfervaticns. ^Vidc 
Figure 30. J 

SUppofc ^ to be the Eye oF the Speftator, JB the Place of 
I the Comet in the fJrA Obfenration, C in the fecond^ 
and D in die third • the Inclination of the Line B D to the 
-Xine ^5 is to be found. From the Obfisnrations therefore 
there are given the Angles BAC^ BAD ; and confequently 
if i}0 be drawn perj^ndictdar to AB^ and meeting AC 
and ^2> in.£ and F, alTamim any how AB^ there will be' 

g>cn B £ and i? F, vtx.. the iw^fsntt of the Angles in tc- 
, ea of the Radius AB, Make therefore u^B=: 4, BE^h^ 
and BFr=c. Moreover, from the given Intervals [or Di- 
Aances] of the OMeiVations, there will be given the Ratio 
ot BC to BDy which, if it be made ar ( to f , and DG 
fee drawn parallel to AC, fince BE is to BG in the fame 
Ratio, and BE was call'd h^ BG will be =r f, and confis 
quently G F= e— r. Moreover, if you let fall DH per* 
pdidicular to BG, by reafon of the Triangles AB F and 
PHF being Kke, and alike divided by the lines AE and 
2?C7, F£ willbc:-rf-Bj:F(7 : HU, tliatis, c— »:4:! 

^^c : ^^'^f^ = HD. Moreover, FE will be: FB:z 
FG : Fffy that is, r— i : c : : e— r : - ^"^^ s FH; 

fo which add SF, or r^ uidBHwillbes-^^^^. Where- 

ci — ch . ^ 4e — dc . , ^ ^ 

Foic ' r- »*P ' ^ , (or tt^^ct to Mew^dCf or 

^' ^ to 4) as BH to HD j that is, as the Tangent oE 



the Angle HDB^ or ^B^ to the Radius. WherefoR^ 
fince 4 is fuppos*d to be»the Radim, " ^ will be the 

Jangentof ({le Angle ^9<K> and thex^re by xelblving 

■#f 3 ■ • .• ^ ^^ ^ ■" [then^ 



[them into an Anabgy] 'twill be as e— -^ to e*— (, (or 
C? F to GE) foe (or the Tangent of the Angle ByiF) to 
the Tangent of the Angle >4B K. 

Say therefore, as the Tiiine between the fitll and fecond 
Qbfervation to the* Time between the fiift axid third^ lb the 
Tangent of the Angle Sj^E to a ^rth fioppftiovaL 
Then as the Difference between that fourth -Proporjtioaal *nd 
the Tangent of the Angle BA F, to the Diffefence between 
the fame fourth Propprtipnal ^id the Tangent of 4:he Angle 
i^E^ fo the Tangent of the Ailgk B^fP to the Tangent rf 
tik Angle ^^X, 

J^ajs [ofL^^b^'} from /ny Jhinkig fir hmid Vpivi 
Jwergtng to a re framing $^erkd Swface^ 

. to fin J tb^ CancQurfe of each i^f the refraSied 
Rays tirith the Ax of the Sphere f^ajpng j;kr& 

'. thatJucifiPoinU [Vide j^iguxe § i^J 

LJET -^ V tW lucid Point, and BV the Sdieiq,«he A?5J» 
^ whereof is AX>9 the Centex C» and lie yitrcx J^j ^mi 
let Afi ^ th^ Jnrijdient Ra(^, dfd BD die^^a^ted &V| 
inijl having let foil ^othofe.^;stys^e P/eijpeodicttii^FS &£«n(| 
CF^ ?8 alio 5 (7, ,j)^pQn4ipulay, tp ^ iD, aqd }mi'\rig^Anw!^ 
BC, 'make^C=4, rC or gC—r, pg =:J;> and ^gi^gg., 
irtd^^'IG' ivilibe =i«— ;p, BG tkVrr-^.x^ ABns 
V <Ji<— 2-^;^ 4* r'' 5 ^n^^ '^y reason of the fimilaj J4:iangU? 

>5C/ an4 ^C^, CE wUi - ■ _!Llf * . Alfo 
CD— :&+'*; 'BD = vaix,4- 2Ji*4-rr; and by reafon 

* ', y ■ ■ - 1 ' ' ' / • 

■- > Befides,, .fioce the JRatio of die^nc^ 

qf bicideH^ andrRefcaaion,'iiwd*^oufrqiientlyof CE Ko CFj, 
%s given, fupppfe that Ratio t o be as 4 to /, and 

-i — — . -— i ^ijj \^ -- — - - - ■ • and multi* 

Vjw,vfii-.'24JiP*r'T vxtt 4- 2«** •i'-rr 

piyu« 



E"9!l 

plyin g creft'way t^' and dividing b y d^rr-^xx^ . 

f \^z,t,'^2z.x^rr wilt be *^z» x^aa — ^2*4 + rr, and 
by fqoaring and xeduciflg the Tcraas into Qrdor, a:*%a- 

2ffxz, + ffrr Ti. r i_ • // •-. J 

— J J. u. Then tor the given — write p^ and 

^4— 24;r + rf— */f "^ ^ '^ 

^lortbegiven 4-+ — — />, andtiftwillbe ar ■ ' ■ ■' ^ ^^ 

^d ^^P^ + ^PP^^-^Prr^^P^rr^^ Therefore* 

k found ; that is, the Length of CZ>« snd confequently the 
Pnint fought D, where the rcfraded Ray B D meeu with the 
Axis. Q. E. F. 

Here I made the incident Rays, to diverge, and fall upon 
a thicker Medium ; but changing what is requifite to be 
changed, the ProUero may be as eafily Itiblf ed when the 
Kays converge^ or &I1 from a thicker Medium into a thin* 
nel ooe. 

Problem XVIIL 

If a Com be cm by any Tflane^ to find the Ft* 
gure of the SeSUcn. £Vide Figure 32t] 

LET ABt be a Cone flandlng on a circular Bafe 5 C, 
ana /EiWit^Seftionfot^ht; and let KILM be 
Siny other Se^on pafailel to the Bafe, and meeting the for- 
mer SediOn in HI I and ABC 9, third Scdion, perpendicih- 
larly Hftaing the two former in Elt and KL, and the 
C6ne in the Triangle ^^£(!^ and producing EH till it 
ttett-rfir in Z) 5 and having drawn Etzn^uG parallel to 
iCIr, and meeting >i Band v^CUlF and (7^ call Eftsz^ 
DG=zh, EDszC. EH=x^ andH/rrt; and by rcafon 
of the iidiil^ Triangles EHL, EDG, ED will be 

bx '^ 

: DG : : EH : HL ^a —• Then by reafon of the fimilaz 

triangles DEt, DHK, DE will be;: £F;^ DH: (c^x 
in the firfi Rgore^ and i + K in the ftcond Figure) HX 

^ ^J±^. [rUt Figmf 330 ta*ly, fince Ae Seftioit 
e 

KIL is paralkl to the Bafe^ and confequently ^ciilar| 



HK% Ht wU! be e^/j, thatu, —ti^^ — iext-zyy; 

an iEqiiation which exprefles the Relation between £ H (x) 
afkl HI (f)y that is, between the Axis and the Ordinate of 
the Sefiion EIM\ which jEquation, fince it exprefles an 
Ellipfe in the firft Figure, and an Hyperbola in the fecond 
Figure, it is evident, that that Se£^ioq will be Ellipfical or 
Hjrperbolica]. 
Nowif £D nowhere meets .^JtT, being parallel toil/ 

then HiC will be =£F(4), and thence — * (HUTxftt) 
ssjf jfy an i£quation exprefling a Parabola, 

Problem XIX. 

If the r\ght Line XT he turned about the Axis 
" AB^ at the Diflance CD, with a given Inr 
clination to the Plane D CB^ and the Solid 
FQRUTS^ generated by that Circumrotationy 
be ait by any Plaice {^as'2 INQjLKy to find 
the Figure of the SeBion. (^Vide Figure 34*] 

LET BHQ, or G HO ht the Inclination of the Axis 
AB to the Plane of the Se£Uon ; and let L be any 
Concourfe of the right Line XT with that Plane Draw 
D F parallel to A B^ and let faU the Perpendiculars L 6f, 
LF, LMy to A By D F, and HOy and join FG aivlMG. 
And having call d CD:^a, CH-^by HMz=:Xy znA ML 
2s 7, by reafon of the given Angle G HOj making M H 

iHG.idity ^will=(?//, and i+ ^=:to(JCoj 

\ d d , 

FD. Moreover, by reafon of the given Angle LDF (viz. 
the Inclination of the right Line XT to the Plane G CDF J 

putting FD : FL : :^ ijb^ ~^-j—^FC^ lo whole 

.S^(uare aMf~Gq XPCqy or a 4) and there will come oat 

^- , hhbb , 2hhbex , bbeexx ^ _, 

GLq:=zd4L^ 1 5 +- .. . Hence fub« 

tn&MGq (HMq^HGq^ or xx'^j',xx) and there 

wiQ 
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win «main ''!i!«±i^ + ^* + **fi=.i^«±i^ 

gg dgg dW 

X xx(z=:MLq)^::jj : an iEquadon that exprelles the Re« 
lation between x and y^ that is, between HM the AxU of 
the Se3ion, and ML its Ordinate. And therefore, fince 
in this i£quation x and y afcend only to two Dimenfions, 
it is evident, that the Figure INJ^LK h^, Conick SeOi- 
cn« As for Example, if the Angle MHG is greater than 
fhe Angle LBF^ this Figure will be an EUipfe ; butif lefi, 
an Hyperbola ; and if equal, either a Parabola, or (the 
Points C and H moreover coinciding) a Farallelograin. 

Problem XX. 

If you erelf AD of a given Length perpendir 
cular to A F^ and E D, one Leg of a Square 
D EF^ pafs continually thro* the Point D^ 
while the other Leg E F equal to AD jlide 
upon A Fy to find the Curve HIQ which the 
Leg EF defer ibes by its middle Point C. 
£Vide Figure '35.3 

LET £C or CFz=: 4Lj the Pe rpendicular Cg=:j, AB 
— Xy and BF (VdA-^^yj) : BC^CF (y + 4):: 
EF (a^)iEG'^GF— {AG ^GF) 01 AF. Whcrefiwe 

24t + 244 . 

^a4-^yy 1 y •/ 

N0W9 by midtiplying by vaM-^yy there is made 24jf -*)-i 

244 = 44~Jf;>+*V^44 — yy^ Ot 24^ + 44 +>7 = * X 

^dM'^yy^ and by (quaring the Parts, and dividing by 
Vd^y^ and ordering them, there comes out |' 4" 3 iff 
+ 3^,+-' =0. / 

The fme cthermfe* [Vide Figme 36.3 

On B C take at each End 5 /, and CJT equal to^ CF, and, 
diaw XF, HI, HC, and DF; whereof HCaiid DF 
tm^ AF, and IK in^ and iV, and upon HC let &1I 

R thf 
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tiiePerpendicuIas/Z,; and the Angle ^ will be s f ff^P 
ts:\E6F—GTD^AMHzsiMHI,=zClLy and coiw 
feq[ucntly the rifi;ht-angled Triangles KBFI FPN^ HLIy 
and /LC will be itmilai'. Make therefore FC—a, HI 
=r;r, 7LnilC—j\ and BN(2M'^y) will be:SiC Cy) 
: : LC: LH :: C/q CyyJ : HI a (xx)^ and confequently 
lAXX — ;f X X n; jf ' . From which iEquation it it cafily in- 
.w'd,that thi» Curve is the Giflbid of the Antients, belong- 
ing; to a Circle, whofe Center is A^ and its Radius A H. 

Problem XXL 

If a right Line ED of a ^ given Length fub- 
tending the giverp Angle EAD, befo movedy 
thdt its- Ends D and E always touch the 
Sides A D and AE of that Angle ^ let it be 
proposed to detirmine the Curve FCG^ ':vbich 
any given Point C in that right Line ED 
defcrihes. Q Vide Figu re 3 7.]) 

FROM the given Point C draw CB parallel to EA ; 
andmake-/4B=«, JBC=7, C£=i*, and C'Z>=i, 
aiid b^ realbn of the iimilar Triangles J) CB^ DEA^ EC 
will be :^:B ::CD iBD; that is, 4 : * : : i : UP = 

ix 

^^ 3^&ies, having kt fall the perpendiculai CH^hf roa*. 

fon of the given Angle DAEj or DBC, and confequently 
6f the given Ratio bf the Sides of the right-angled Trian<» 
dc JSLCH, you D have 4 : e : : BC: BHy and BH will b^ 

-B il. lalte awiQf this froia B D, and there wiB reonia 
4 

IftQs^ * . 7 , Now in theTnwnglc B^^, begiqCe of 

thought Angle BHCy BCq — BHq^zs CHi; that i», 

jj—-* zsiCHq. In like mannei, in the Triangle CDH^ 

becaufeof the right Angle CDH, CDq—CHqis =HDq', 



tbiitB, **'-J'J + ~ (=;Hi>? = ^^=2j.,> 



aB^(tr«* 




Li I 



da ^ 4M ^ 

ycxf+-^ : . Where, fiiicc the unknown Qpaii* 

tkies arc of turo Dimenfiotis, it is evident that the Cttvfc ' 
is a Conick Sedion. Tncn extraSing the Root, youll hav« 

I =r -^ 1- — . Whert, in die Ra- 

dical Term, the C)efficient of xx is ee— 44, But it wai* 
a:e : : BC : B H ; and £ C is neceiTarily a greater Line 
than B H, viz». the Hypothenufe of a ri^ht-angled Tiiangte 
is greater than the Side of it ; therefcve d is greater than r^ : 
and e f -^ 4 d. is a negative Quantity, and confequently dMt 
Curve will be an Ellipfis. 

Problem XXII. 

If the Ruler EBDy fdrming a right Angle ^ hefo 
movedy that one Leg of it^ E 5, continually 
fubtends the right Angle EAB, while the End 
of the other Leg^ fiD, defcrihes fame Curve 
Line^ dsFD^y to find that Line FDy which' 
tbe^ointD defcribes. QVidc Figure 38.] 

FROM the Point D let fall the Perpendicular 17C to l9i«* 
Side AQ* and making AC:=zX^ and DCzizy^ and 
£S:=zdy and BD^:zh* In the Triangle BDQ by reafon 
of the right Angle at C, BC^ is=s BDq --^J)Cq<sihJk 

'^yy. Therefore BCzzzVhb — y t 5 and AB^sx^^ 

vbb'^yy' Befides, by reafon of ther limilar Triangles 
BE Ay DBCy B D:DC::EB : AB ; t^atis, b:y::4 

iX'^^bb — y j ; therefo re bx-^b^bb'^yy aa 4j, or 

Ix^^djzsii ^bb^^yy. And the Parts beihg fquar'd and 

A-w ^ »j 2dbxj-^b^*-^bbxx t _«. 
*flf reduced y^rs -^ ' _^ r » and extrafling 

w. Root J sa ' / ; — ^XII — ^ — • — • Whence it a 
>g^in evlAen^ that the Cutvd is an WxpDb^ 

R 2 This 
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This is fo where the Anj^Ies EBD and EAB are right ; 
but if chofe Angles are of any other Magnitude, as long as 
they are equal, ) ou may proceed thus : \yide Figure 39.] 
Let fall D C perpendicular to jiC as before, and draw DH^ 
making the Angle DHA equal to the Angle HA E, fuppofe 
Obtufe, and calling £ 5 = 4, BD=:b, AH^x^ and HD 
^zzy ; by reafon of the fimilar Triangles £ AB^ BHD^BD 

will be ; DH: :EB ; AB i that Uyb :y::d: AB — ^. 

Take this from AH and there will remain BH'z=,x^^^. 

b 

Befides, in the Triaiigle DHQhy reafon of aD the Angles 

Jjiven, and confequendy the Ratio of the Sides givei), af- 
iime DH to HC in any given Ratio, fuppofe as ^ to « ; 

and fmce DHis y, HC will be y, and HB x HC will 



5= "T^— "Ti • ^^y> ^y ^^^ ^2, 2 Elem. in the Tri- 
ingfeBHD, BDq is =BHq + DHq+ 2BHxHC; 

«d ertraaing tlie Root * = ^Z=^^p^ +^. 

Where, when h is greater than e, that is, when ee-^bb is 
a negative Quantity, it is again evident, that the Curve 
isanUUpfe. 

Problem XXIIL 

Having the Sides and Bafe of any right-lined 
triangle given^ to find the Segments of the 
Bafe^ the Perpendicular^ the Area^ and the 
. Angles. tVide Figure 40.3 

LET there be given the Sides AQ BQ and the Bafe 
^S of the Triangle ABC. Bifcft A Bin I, and tajw 
on it (being produc'd on both Sides) ^F and AE equal to 
AC, and B 6 and J? // equal to 5 C Join C£, C¥ ; and 
from C to the Bafe let fall ihe Perpendicular CD. And 
ACq^BCq willbc5s^i>«+CDf — CPj — »i^4 
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2D I. . Therefore d^H^l^^DI. Andi^F: ^C+ 

BC:: AC--- BCiDL Which is- a Tficorem lor dctcrmiiH 
ing the Segments of the Bafer 

From i£, thai ir, ffom v^C— f viB, take away D/, and 

tbeicr wul remain P£=— -2 -I-J : — 11 

^ ^ 2A B 

^, ,. BC^AC'-ABy^BC'^AC-fAB ^ 

that is> — : ■ , or « 

HEycEG ^ 

^g ■ > Take away P £ from F£, or 2 -rfC, and there 

^.,1 . -^ ACq-^iACy^ABA-ABg^BCa. 

wiJi remain FP — ■ i '*■ ' ■ T. Ty 

that IS, =— ^^g. -, or- 

^^g ■» And fince CD is a meah Pn^rtional between 

Z>£ and 2)F, and C£ a mean Proportional between Z7£ 
and £F, and CF a me an Proportional between VF and 

£F, CD wiD be « ^f ^ X Fff x HlxTg _ 

2-4J! ' ^ 

ti ply CD into f y<^, a nd yotfli have the Area s=f 

VFGxFHycHEyiEG. But for determining the Angle 
^/ there come out feveral Theorems ; 

1. As 2ABy(j4C: HE >cEG (:: JIC: DE) : t Radius 
: veifed Sine of the Angle A. _ 

a. 2ABy.ACi \^FG>iFH (: : AC : FD) :; Radius: 
yeriedCofine of^. 



^. 2AB>iAC : -VFGxFHy.HE'hEG (a AC; 
CD) : : Radius : Sine oi A. 

4. VFGTpH : ^HE X EG (: : CF: C£) : : Radius* 
Tangent of f ^. . 

^'VHEycEG : VFG X FH (: : C£ : FC) : j Radius : 
SWUigenc of I ^ 



'' . »• 



^. WAB X AC VHE riEG 0-PE:CE):: Radiw 
: Sine of | ^ 




7. 2VAB%AC:VPG-)CFH (::F£: FQ ::Radi» 
; Cofine of | /i 

Problem XXIV. 

Jn the given Angle FAB having any how drawn 
the right Lines^ BD^ PD^ in a ^iven Ratio^ 
on this Condition^ that BD Jhall be parallel 
to AF^ and F D terminated at the given 
Foint F in the right Line AF y to find the 

^ Loeus ofths Foint D. [[Vide Figure j^iS] 

AW CD parallel to AB,' md BE perpendicular 

to AP ; and make AF=aj CP = x, and CDy^ and 

leTi D be to PD in the fame Ratiaas 1/ to e, and AC or 

917 will be ==4 — X. andPD= — i — , Moreover, By 

rtafon of . tbe given Angle DCfe, let the Ratio of CD to 

CE be as J to/, and C£ will be =:^, and£r=A?— 

d 

'^. But by reafon 6f t& Ai){(Ies it E h^g right ones, 

CDq—CEq will be (==iEDq) ^?Dq — £f^ } that is, 

mm^ffyy liiiiiii' *£+"** «« _ii g/*y 

" dd ^ dd "^^ ^ d 

— '. ~^, an4 blotting out on each Side-i^ ^tt* ^ ^ 

/ «4 . dd 

Terms being rightly difpqs*d, ^j> -. ^ < ^ 

• d 

i€iia''^2t€ax-\-eexx^^ddxx ., ^. / i, 

■ — : , and extra£tiiig the Root 



»» ^ I— ^^»»^ 
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Where, fince x and y in the laft i£qaation afcends only 
to two Dimenfions, the Place of the Point D will be a Co- 
nick Scition, and that either an Hyperbola, Parabola, ot 
Ellipfij, as it-^-dd+ffy (theCo-ejBcicntof «« in Ae 
!aA i&juation) is greatef, equal to, or lefs than nothing. 

Problem XXV. 

rhe two right Lines VE and VC being given in 
Fojition^ and cut any how in C and Ebj ano* 
ther right Line^ FE turning about the foh^ 
P given alfo in Fofition j if the intercepted 
Line CE be divided into the Farts CD, DE 
that have a given Ratio to one another^ it 
is proposd to find the Flace of the Foint D. 
£Vide Figure 42.3 

"\R A. W VPj and parallel to it DA, and t,M meeting 

J vein A and B. Make rP^4, FA^x^ and AD 

7^ and fince die Ratio of CD to DE is given, or con- 

fcly of CD to C£, that is, the Ratio of D-4 to EB^ let 

« as il toe, and £5 will be = ^. Befidcs, fince tht 

d 

gles E rB^ EP^P 9xe given, and con&quently the Ratio 

£5 to rS^ let that Ratio be a^e to/, and VB willbe^ 

LalUy, bjr reafon of the fimilar Triangles CE B, CDA^ 

^r^EBiCBiiDAiCAiiVPif^C, andbyCompo^ 
ipn£2? +rF: CB^VCi: DA-^-f^P : CA+ yC; that 

d'^^ A» ' • J^"^^ • *> and multiplying together the 

ans a/id Extremes eyx + dax^zfyy + fdy. 
' Vhere^ fince the inaefinite Quantities x and y afcend only 
wo Dimeniions, it follows, that the Curve PTD, in whidi 
Point JD is always found, is a Conick Sedion, and that 
Hyperbola, becaufe one of the indefinite Quantities, viz^ 
only of one Dimenfion, and the Term exy n multi* 
d by the other indefinite one y. 






' 
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Problem XX VL 

If two right Lines J A C and A B, in any given 
RatiOy are drawn from tBe two Points A and 
B given in Fofition^ to a third Point C, to 
find the Place of C, the Point of Concourje. 
CVide Figure 43.] 

JOIN AB^ and let fall to it die Perpendicular Cb\ 
a nd making i<g=: 4, ADz=:X,DC—j^ ^ C will be 

= y/ xx\jj,BD^x^a, and BC (=\/BDq + Diq) 
^^xx — i^x-^-aa + yy. Now fince there is givco 
the Ratio of AC to Be, let that be as li to e ; and the 
Means and Extremes being multiply'd togethe r, yotfU have 

e ^xx-^-yy ^zd^x x-^ 2dx + aa + jf;f, and by Re- 

duffion ^^^!^^^— ^,— — *^=t. Where, fmcc :r is 
^ ff — da 

Negative, and afFeSed only by Unity, and alfo the Angle 
A DC a right one, it is evident, that the Carve in which 
the point C is plac'd is a Circle^ vk,. in the right Line AB 
take the Pcrints E and F, fo that die :: AE i BE 11 At 
iBPy and £ F will be the Diameter of this Circle, 

And hence horn the Converfe this Theorem comes ouC, 
that in the Diameter of any Circle £F being produced, 
baving given any how the two Points A and B on this Con- 
dition, that AE:AF::BE:BFj and having drawn 
fiom diefc points the two right Lines A C and B C, meet- 
ing the Circumference in any Point Ci AC will he to BC 
in the given Ratio of ^£ to BE. 



Pro 
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Problem XXVlI. 

To find the Point D, from which three righ$ 
Lines DA^ DB, DCy let fall perpendicular 
to fo many other right Lines A Ey B F, C F, 
given in Pofitionj pjall chain a given Rath 
to one another. QVide Figure 44.] 

OF the right Lines given in Poiition, let us fuppoft 
i?Fbe produc'd, asalfo its Perpendicular AD, till they 
meet the reft AE and CFy viz. BF in £ and F, and BD 
inHandG. Now let EBs^^r, and £Ft=4 5 andBF 
will be •=: 4 -— ;if. But fince, by teafon of the given Pofi- 
tion of the right lines £F, £-rf, and FC, the Angles'^ 
and F, and confequently the Proportions of the Sides of the 
Triangles £ 5H and FB(j arc given. Let £iJ be toJBH 

as 4to «; and BH will be = -j, and EH (s 

d 



^EBq-^BHq = f/xx^- ~^ tbat is, ^ X VdJTfii 
Lee alio BE \x toBG as dxafi and BG will be =x 

^^( . * and fG (=:\^BFq^BGq) r=: 

.r»adi — 2axii + xxdi-^ff4a'-^2ff4X-^ffxx^ 
y . jj 

that is, — —J- y^dd-\-{f. Befides, make £iDx=jr,and 

HD will be = '-^ — y, andGP = ''.il^— ,} andfo; 

d d 

fince Ad is : HD (: : £B : EH ) : tdt V^dd^ee^ and 

DC:GD iziBFiFCyiidxVdi^fU ADvfitU^ 

tx — dy . f*--fx —dy 

of the given Proportions of die lanes B D, yiDy DC, kc 
fD.AD:: V'dTfTt i i — J, and J[^J^\ wifl l« 

5 " (* 



tx'—4y 

i=zAD) = / . , or by = tx. Let alfo SD'.dC 
: : V77T7/ : iJ — '', and ;7^T^ win be (=- DO =; 

iw,2^=^,pri> = f4-/^. Therefore- C= 7) = 

y.T'^s 91mI by Rcdoaion ■■ //^> =jr, Wherefi^e take 

J5 2? : £ F : : A : J + i&, then B D ; £ B : : r : *, and yotfD 
have tlie Point fpught D. 

Problem XXVIII. 

Td find the Ptfint D, /rwi wi&/V^ three right 
Lines DA O B, DC, dranvn to the thut 
TointSy Ay B, C^ Jhall have a given Ratio a- 
intmg themfelves. f^Vidc Figure 45.3 

OF Iht g^v^ ifcKee pQiqts jofai any two of them, as fii|v 
pde A and C and let fall the Perj^eadicular B B fkbm 
die third B, to the Line that conjoins ^ and Q as alio the 
perpendicdar DF fiom the Point fought; D ; and making 
^£s:4, -^Csst, £B— ^, -4F = *, andFX?s=y; and 
^D^ inttllbc3=:;r«4-j> FCxsb—M. CDq (^FCq + 
FDq) =bb — 2t;tf + Af;>r H"J> £F=.t — 4, andBZ)^ 

Cs= £ F^+ £B4- FjPO xe i«^ — 241* + Mit^ec'\^^cf 
+ 7 jr. Now, fincc ^D is to CD in a given Ratio, let it 

be a9 4 to <^ and CD will t« =? -^ V^«Ar +^> $*nf:e alfo 

A D is to 5 D in a given Ratio, let that be as ^ to f^ and 

BD wS8 be as A V^*'^ + 77- And, con&qqendy 

^'^''J^/'V will be (=CP^) r::W — 2.** +;rAf +;>, 

and 'J — ' . j ■■ > '■ (=s BDj) =.tAr — 24«'+44+rf + 29+j[)f. 

.44 

In 



^hich if, for AbbterktiAl lake, pti wiile p fiw - '~'i' i 

4 

q for — »— il, thcr6 VfX& come out it — zIk -^ 

* + J>jf=:0, and 44 + rr — 24r*-f 2ry + * *Ar 
rjy = o» And by th^ former you have — ^ — — — ? 
-XX '\'^ yyi Wherefore, in the latter, for l <r Ar + 
, write ' ■ y *^ ■ ^ , and Aeic *rill come «Mit 
^^dd^ct^^2dfi + 2cycsiO. Agtio^ ftr 

eviction lake, wiUe;w for 4— -2, and 2 cm fa — | 

P P 

4-***r^i andyou'Ubave fiiisi^-^ 2fjfas2r7i andtbc 

1^ being divided by ar, th^re arlfes ~^»::;;ff 



^fote^ in tlie iEqmtion. ^|r-N^2lr4:-{- 5«4r4« J^^ 
kxyj write Ac Sqosie of •*-- -^ », tttid yoal haw 

tc, laffly, if, for Abbreviation iakc, yoa wnte ?^ fox f 
^, and ~ for *-- -^, you'll have XMi^zsx^ 
--TJ^ and having cictraaed the Root * = / + 

■*-rt — ?^, and having found x^ the ^Equation ^ 

zsy will give ;f ; and from x and v given, that i», ^F 
.^D, the given Point D is determin d. 



■>N 
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. P R O B L E M ^ XXIX. 

J'p find the Triangle ABC^ whofe three Sides^ 
AB, AC, BC, and its Perpendicular DC 
are in Arithmetical VrcgreJJion. jT Vide Fi- 
gure, ^6.] 

^i^AKE /^C=z4,BC=*, and DC, the IcaflLinc, will 
•X *^ ?= 2 AT — 4, and A g, the grea teft, will be —24 

— *. Alfo A D w ill (= \^'2 Cq — D Lq) = V~^ — 4^, 

anTil? (=VjSC ^-— D^ g=v^4rfA?> ---^A;x--^44. And 

fo again, ,ABz=2^^ax^^ i^xx - {- ^4<i a; ^-gjfj g — ^o<i* 

Whcrefofe 2 4— * — i/^Av^— 4;r«-f ^^4^ — 3'** — ^^> 
or 24 — ;r— V44;t; — 4Ara; =:V44« — ^ xx — 4 4, And 
the Parts being fquar*d, 444*— 3;e;«:— 44-)- 2Af )C 
M/44^-r 4;gyj c44^>r'3 y.y — 44, or 544 -^44^1;:;? 

A4— 2«'^X V^44« — 4^;*. . And the Pa^s be^ng agaiin 
Iquar'd, knd the Terms rightly difpos'd, 16^?^— ^8o4Af' 
•4" I44<<<**«''^"^ 104*'*+ 254^ = 0. Divide this M- 
qiiation by 2 * * — 4, and thierc will arife 8^ * — 56 4 a; * -f 
^444*— 254'= o, an ^Equation by the Solution whereof 
te is given from 4, being any how aflam'd. 4. and x being 
had, make a Triangle, whofe Sides (hall be 2 4 -7 a;, 4 and 
AT, and a Perpendicular let fall upon the Side 24 -— ;ir, wil]( 

fce 2A?— 4. 

* If I had made the Difference of \the Sides of the Trian? 

flc to be i, khd the Perpendicular to be x^ the Work would 
lave been fomething neater *, this ^Equation at lal\ coxQing 
out^ w«&» ar*ss24</rf*-748rf'» > 
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Problem XXX, 

To find a Triangle ABCy whofe three Sides 
AB, AC, BC, and the Perpendicular CD Jball 
be in a Geometrical FrogreJfiQnm 



M 



AKE AC—x, BC=z.a, apd ^Ifwill be — — i 



And CD:^ — . hvA 4D i=z -^ ACq -r^CDq) =: 



fxx^*~ ; and BD (= ^/BCq—VCq) =//a4—~, 
XX. ^ fix' 

. _' 

and confequcritly — (zzzAB) =: f^ xx ^^ 1- 

|/ 7^ ;e* i/ ^ ^^ i/ ^* J 

r 44-— — , or. — — r 44— » — :=:: r ;rA?»— — : and 
XX d XX , XX 

X^ '2XX " 

the Parts of the jBquatioa being fquar*d. — — — - K 
' . ^ 44 ^ / 

(/iiid. Vdd^^ ~"^^x , thatis, «^— ^j^^AJ 

+ ^^ = 2^^'V V^^ATi— 44, And the Parts being again 
fquar'd, ;tf* — 24 4Ar* 4" 3^'*'^'^ ~ 2 4**;»?;c •^;-4* = 44:*a::^^ 
•^44* a: .y. That is, «* — * 244Ar^ — 4'*;*:'^ + 2^* «^ + 
<•* ;= o. Divide this ^Equation by x'^^^aaxx — 4*, and 
there will arife a: -* -^44:1; i«? — a^. Wlierefore ;r* is ;=;; 
^axx-^A^* And ei trafting the Root xx — |^^ + V^'^ 

or xz=zdV\-\-'V^. Take therefore 4, or BCy of my J 

Length, and make BC: AC: :AC:AB::i : Vf 4- V^, 
and the PerfcndicoIaT DC of a Triangle -/^SC made of 
thefe Sides, will be to the Side S C in the fame Ratio* 

The fame otherwife. [Vide Eigtffe 47.] 

Since A Br AC i: BC: DC I fay the Angle ACS is a:* 
right on? ' For if you dcoy it, draw CE, nasfckiDg the Ai^Ie. 
fcCS a right one. 
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' Therefore flic Triangles J?C£, DBC Bit fimilar by 8, 
6 Elem. and confequcntly EB: EC:: BC : DQ that is, 
£ B : £C; : AB : -^ C Draw A F perpendicular to C£, 
and by leafon of the parallel Lines AF^ BC E B will bt 
zEC::AE : ££::(££ + AE)AB : (EC+ FE) VC 
ThcrcfojPB by p, $ £/r». >4 C is 3= FC, that is, the Hypo^ 
thenufe of a right-angled Triangle is equal to the Side, con* 
trary to the 19, i Elem. Therefore the Angle ECB is not | 
a right one ; wherefore it is neceflary ACB ihould be a 1 
right one. Therefore ACq '\^BCq's=, AB q. Eut A Cqz:i 
AB X BC^ therefore AB x BC^ BCq ^ABqj and ex* 

traSing tht Root -rfB = f «C+ >/^BCq. Wherefore 

take BC lAB : : i : ^^ — -^ and AC a mean Rroportio- \ 

lUd between BC and^B^ and^B: ^C:: BC:Z?C will 
be continually proportional to a Triasigle made of tbefe 
Sides. 

Problem XXXL 

To make the Triangle ABC upon the given Bafi 

A JB, ip^hafe Vertex C Jhall be in the right 

Line EC given in Pofition^ and the Bafe m% 

Arithmetical Mean between the SiJeu LVidC 

. Figure ^S.] 

r £T the Bafc AB be bile£kd in F, and prodo^d tiB it 
I, ^ meet the ri^t Line £C in £, and let lafl to it the 
Perpendicular CD ^: and makii^ y^B=::4, FEtrib, and 
BC-^AB:g;:x^ BCwilibc2=i4-f,t, ACtsiA^xi arid 

lythe ,5, 2£fe^. B2> C=^^^^=^^^ 

2AB . ''. 

§4. And cohfequently , FP=2; g, P£a gj>4"2^> and 

CD (zx'VCBq^BDq) :« t/f44— 5*Ar. But hf r«l- 
fon of the given Pofitions of the ' right Lines C £ and A Bj 
the Angle CBD j» giyed ,' and comequently the Ratio of 
jD£ to CD, which, if it be put as i to e, will give the 

Vt&f6i^i^i:e::h^ 2X :V\ia^i^:^xxr Whence the 
Meant and Bxtremes being multidy*d by eacK^dthei^, there 

arifes the ^Equation eH-2fAr'=:</v^|44— \xx^ the Parts 
wherteof being fquar'd and rightly order'd, you have ^xx^ 
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4/^4 17} ^' afld the Root tang eitaQtd 

being given, there is given J Csr 4 -f- ;r, and ^.C—*— *. 

P*.OBLEM XXXII. 

Having the thne right lanes JD^ AE, BP, 
given by Po/ttian^ ta drav a fourti) DjF, 
ivbofe Parts DE amJEF, inter eepted by the 
former, Jball be if given Lengths, f Vide 
Figure 49.] 

LET fell EG perpendiciflar to 8F, and draw ECjjln \ 
rallel to AD^ and the time right Lkies ntmn hj^^ 
linoR oieeting in ^, 5, and ^ make AB=z4, BH^zK 
4H^e EDjszD, Ef^e, and«£~*. Now, b* 
leafon of the fimilar Triangles ABW^ ECH, AHIaB 

i I HE: EC « ^4, and AH-, HB it HE iCH ss^i 

Add AB, and there comes' CB = "^t^ > = MOKOver: 
by Tcafon of the .ffmilar Triangles F^EQ fPS^ EDiaz 
CB II EF I CFvR ^"^T* ^ ' . Laftly, by the 12 anjj i^' 

ft mm. yon bave T^^^ - ^ + k^t (= CG) s? 

^^^^^^-^ — A CH • that is 
^^^ — a^/i, rnatis, 

aftAr-f'2g*g 2«/^ 2*;t 2r* ^ 

^^ixx^ttiti , g^<» I etc cc;r — 44*— ii* 

Here, for Abbreviation lake, fox fiZiird*— 5* wnte 



^,\ y 
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the Terms teing multiply 'd by x + r, there will come out 

^M^ixx'^ttie ebix ebcc 
y^ —^-'+.'--jr—fffXX'\'mcx. Again, 

for — m write/),' and For mc'\'-j' write 2p^, and 

- fir^ , eedcc . , „' 

' T' "^ F" ^^^^^ ^^^^ and * A? will become zt 

^^9^ + r r, and at == a + l/^^ + rr. Having found -it or 
JH£, draw EC paraUel to ^J?, and take FC :BC ::e: L 
and haring drawn FED^ it will fatkfy the Conditions of 
the Qpeftion. 

;: Froblem XXXIII. 

'To a Cifcle defcrtb'e4 from the Center C, and 
'. with thfi' Raniius CD^ to^ draw a Tangent 
; Dfi, the fan whereof PB placed between 
.• "^k? y%^^ ^^^^^ given by Pofttion, jl-P md 
' AB palish of a given Length. [Vide Fi- 

FROM^)tc Center C to either of the Vight Lines given 
by Pofiti^9n, as fuppofe^tp AByltt f^ll the Perpendicu- 
lar C£, and produce it till it meets the Tangent DB in ft 
To the fame AB Jet, fall alfo^the Perpeiidicajlar PG and 
Shaking EA-^z^ €Oz=zb, CD^c\^BP^d, anc! PG=: at, 
by reafon of the fimilar Triangles PGB, CDH, you-ll have 

CB C'^dd^xx) : PB : : CD: CH^ — JlL^ ; Add 

; -'^ ^dd — x:^ 

fi^, and yojjU Imve EHr= t_+ ~tzzL—=:. Moreover, PG 

. . - • y<ii- — XX 

is :GB :: EH: EB*::=: - ydd — xxA — . Moreover 

b'ecaofe of the given Angle PAG, (here is given the Ratio 
of PG to AG^^yvhick. being made as e to f, /^G will =5 

^." Add£-^and.]SG, and you Uhave, laftly, ££==4 

+ 
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+ — '+ Ydd-^xx. Thetefort ^+ - Vdd — xx =s . 
' e . XX 

^ + h VaT—-*]^, and by Tranlpofition of the Terms^ 



4 -f- . — • = -^^ Vdd^^x X. And the Part* of .thci* 

jfiquation being fquar d, 44 4- — ~ — ■- + -^ .-^ 

e X ee 

2cdf . ccdd bbdd ,, 2hdd , , , ,, 

e XX XX X : ■ 

And by a due Redu6lion 

H- 2^*'/ „, Hrtfrf* ^„ + 2hdiltt ■\-ccditt 
»^2bet'' --ddee*" ^24edee*^ib44ee 

Problem XXXIV. 

^.a lucid Pointy C^«^3 ^1 ^^''^ /^rr^ Rays to* 
wards [yr upon] a risfra3ing plain Surface^ 
[^as'] (7» D •, r^ ^w^ the Raj^ A C, iP/^(7J^ re^ 
fraii^d [Pari] CB ftrik^s the given Point 

. £. QVide Figure $i/] 

FRO M thrt IdciJ Point let ^all the l^erpcndictilat AD 
to thcTefraffing Plane, and let the refrained kay BC 
meet .with it j being prod uc'd. out on both Sides, in £ ; and 
a Perpendicular let fall from the Point B in F, and draw 
BD; and making y4D = 4, DB=zhy BFr=:c^ DCtzix^ 
make the Ratio of the Sines of Incidence and Refra£!ion, 
that is, of the Sines of the Angles CAD, CED^ tO be d to 
e, and' fince £C and AC. C^s is known) are in the fame 

Ratio, and AC ii^aa-\- xx, EC Will be = - y^*» + *** 

Befide., £ I? (t« VEc^:::cDq) ^ f/ ^-t^SI^^ 



r ■ ««. LaAIy, bccaufe of the fimirar 

Tmnglcs £CD, £i?F, ED: DC : : EF : FB, and muUi- 
• P^^^'^g the Valpcs of the TMeans a nd ]&tremes into one ano- 

Aer, c r " - ' ■■* — ^tat s=:;irV^it — rr + a-X 



g/dHi$a^ddxx //ddad-\'ddxx 

V ' — Arac, or f i— a: r -— Ofjc 

5s Af vhh — ^^, and the Parts of the jEquation being ^uar'd 
and duly diTpos'd [into Order] 

'^'ddcc 

'^ddaaxx^^iddMdcx + ddMaec 

dd^^ee 

Problem XXXV. 

To find the Lotus w Place of the Vertex of a 
Triangle D\ whofe Bafe AB is given ^ ani 
'the Angles at the Bafe BAB^ DBA, have a 
igiven Diference^ [Yidt 'Figure ^iJ] 

WH E RE the Angle at the Vertex, or (which is the 
fame Thing) where the Sum of the Angks at the 
Bafe is giveif, 29. ^. Enclid* has taught [ihT], that the Locus 
for Place] of the Vertex is in the Circumference of a Cir- 
cle £ but we ha^e propos d the fitiding the Place whe^ the 
Dinerence of the An^es at the Bafe is given,, i^ the An- 
de DB^ be greater Chan the Angle DAB^ and let ^B'F 
Be their given Diflfercncc, the right line BF meeting AD 
in F. Morcof er, let fall the Perpendicular DE to B f , as 
affo DC pcrpcridict^ar to AB, awd meeting BF in G. And 
mi}sixig A B = a, AC^iz'Xy and CD—y, J5C will be =s 
d'^^x. Now iRnce in the Triangle BCG jtfaere ate ^iven 
aQ the Angles, • there wiU -be gifven tlie Ratio of the Sides 

J^C-and- Cj C let that be as </ to 4, and C G will = —^I^ ; 

d 

Cs&e away this from DC, ory, and there will ttmain DG 
SB ' "^"^^i V 'Befides^ b^Gaafe^^sf -ihe foiikr Triaii* 

glei 
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5i€sRGQ mADGE, BG :BC::DG: PE. AndmAe 
>iangle BGC^ d:d::CG : BC. And confequently 44 
dd : : CGq : 5Q, and by compounding 4 4-+- id i dd * 

BGq z BCq^ and cxtraaing the Roots v^iT+75 :d (: 
BG:BCJ::DG:DE. Therefore D£==:^^!-^^^^!L~^ 

Moreover^ fince the An^e ^ 5 F U the Diffisronce of tb^ • 
Angltes BAD and ABDy and confequently tih^ Angfeg 
?>^JD and FfiZ? are equal, the right-angled Tdaogl^ 
CAD and £5D will be firoilar^ and confeqiiently. the 
Sides proportional £or] DAiD Cx : DB : Dii. But DC 

V'S^C^ + DC^). rz/^aa — 2*A:-t- ajac + ^Jj and atove 

^^ dj — 44^ dx ^, 

D£ was = — 7——- —, Wherefore V^«ac + tr : Jf » : 

Vaa — 2 4A; + xx-\ryy : JSZ^.—^^ and. d» Squares 

V44'\-dd 

of the Means and Extremes being^ multiply'd b|f each odi^r 

*^2AAdy^ + 241^7^^ + 24dxy^ "H f^*^^' "^ "* '>^ — ^^\^* 

a4 + dd 

r2£f21±-^^!±£^. Multiply afl the Te^,« by 

na-^-ddf and reduce thofe Terms that c^me oat into 4ue 

Order, and there will arife 

2d 
*^2 4 ^^2dy •+ — ^>* ^^ddyy 

■\-~y +** -\--7-yy' ^ 

Divide this iEouation by *« —4 at T i ^^ ^^^^ ^^U a- 

•—4 
rife a:;^ , 2<f * ^^^[^ s=o; there come out therefore two 

^Equations in the Solution of thi* Problcna : The firft, ^x 

— 4;r^^^=o. isAaCircle, viz^ the PJace of the Point 

I?, where the Angle FBD is taken oh the other Side of the 

J z right 



right Line B P than what is defcrib'd in the Figure, the 
Angle jIBF being the Sum of the Angles 2) y^ 5 and DBA 
at the Bafe, and fo the Angle ADB zi the Vertex being 



4 



given* The laft, viz.. xx i^ x ^? = o, is an Hy- 

pcrbola, the Place of the Point D, where the Angle FBfl 
obtains the [fame] Situation from the ri^ht Line B F, which 
we defcrib'd in the Figure; that is. fo that the Angle -^5 F 
may be the Difference of the Angles DAB. D BA^ at the 
Bafe, But this is the Determination of the Hyperbola : Bi- 
fea -4B in P ; draw P j^i making the Angle 5 /> j^ equil 
to half the Angle.^ 5f : To this draw the Perpendicular 
fR^ and Pjg and PR will be the Afymprotes of this Hy- 
perbola, and B a Point thiough which the Hyperbola will 
pafs.. 

Hence arifes this Tloeorem^ Any Diameter, as AB, of a 
^ight-angled Hyperbola, being drawn, and having drawn the 
right Lines AD^ BD, AH, BH from it s Ends to any 
two Ppints D and H of the Hyperbola i thefe right Line* 
will make equal Angles DA f/, DBH dX the Ends of the 
' Diameter. 

The fame after a fhorttr Way. [Vide Figure 53.], 

I laid down a Rule about the moft commodious Eleffion 
of Terms to proc^d with in the Calculus [of Problems] 
yrhere there happens any Ambiguity in the Eleftion [of fuch 
Terms], Here the Diffjrence of the Angles at the Bafe is 
indifferent in rcfpc6l to both [or either of the] Angles ; 
and in the Conflruftion of the Scheme, it might equally 
htve been added to the leffer Angle DA By by drawing from 
A a right Line parallel to B F, or fubtrafled from t\\& 
greater Anj»lc D BA, by drawing the right Line B F. Where- 
fore I neither add nor fabtraft it, but add half of it to one 
of the Angles, and fubtrafi half of it from the other. Then 
fince it is alfo doubtful whether AC or BC muft be m^de 
- Ufe of for the indefinite Term whereon the Ordinate D C 
flands, I ufe neither of them ; but I bifeft AB in P, and^I 
make ufe o( PC; or rather, having drawn MP.Q making 
on both Sides the Angles AP Q, BP M equal to half the 
Difference of the Angles at the Bafe, fo that it, with the 
light Lines AD^ BD^ may make the Angles DOP, DMP 
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equal ; I let fall to MQ the Perpendicular AR, BN^ DO. 
and I ufeDCX for the Ordinate, and PO for the indefinite 
Line it ftands on. I make therefore PO:zzX^ DO=yy 
AR or BNz=:h, and PX or PN=:C. And by reafon of 
the fimiJar Triangles B NM, DOM^ BN will be : DO 
z: MN I MO. And by Divifion [as in the 5rh oi EucliSl 
DO^BNy (y-^-b) :DO Cjjii MO — MN (ON or 

c^x):MO. Wherefore iMO=^^^=^^^.' In like Man- 

ner on the other Side, by reafon of the limilar Triangles 
ARQ^, DO^.AR will be: DO ::X^:jgO, and by 
Compofition DO'\'AR 0'{-h) : DO (j) : : j^O + 

R(2,(0R OTc + x): HO. Wherefore QO = —-?'. 

Liflly, by reafon of the equal Angles DMQ^^ D j^M^ 

MO and J^O are equal, that is, ^^^^~^ = ~^. 

y — b y-rb 

Divide all by 7, and multiply by the Denominators, and 

there will arife cy -{- cb^-^xj — xb = cy — cb '\' xy^~^ 

xb, or c t = *7, an ^Equation that exprefles (as is commonly 

known) the Hyperbola. 

Moreover, the Locus, or Place of the Point D might 

hate been fotind without an Algebraick Calculus ; for from 

what we have faid above, DO — BA? : OA^ : : DO : MO 

(00)::DO'\'ARiOR. That is, D — BN : DO 

r\-BN : : ON : OR. And mixtly, DO : BN : : 

ON + OR^^,^.OR — ON,^^^ ., . 
(NP): (0P> And confequently, 

J)OyiOPz=:BN>^NP. 

Problem XXXVJ. 

To find the Locus or Place of the Vertex of a 
Triangle whofe Bafe is given^ and one of 
the Angles at the Bafe differs by a g'iven 
Angle from \J^eing\ double of the other. 

IN the laft Scheme of the former Problem, \tt ABD be 
that Triangle. AB its Bafe bifefted in P, APQ^ot 
BPM half of tne given Angle, by which DBA exceeds 
the double of the Angle DAB^^ and the Angle DMQ^ will 

be 
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be doubk «f the Afigk Dj^M To il»^ Id; fall the ?^ 
penJiculars AR^ BN, DO^ and bired the An^eDMH 
hj the right Line M S meeting DO inS; and the Trianr 
gle» DO A SOM wiH be fimilar j andconfcquentJy O jQ. 
.•OiW::aP:05, and dividing Oj^— 0/1:/ : OiW: : 
SDiOS:: (by the 3. of the 6th £fcw.) DMzOM 
Wherefore rile 9. of tha^th Ehm.) Oj^—OM—DAd. 
Now making POsrjr, ODzizyj ARok BN=hj and Pi 
or Pitfsi:^, youll have, as in the former Problem, OM:^ 

' ^'^iJ y and O j2 = ^^'}y!\ and confequently " O J^ — 

OA^= ^^~^*^^ Make now DO J + 0^^^2?iW4, 
that is „ ■ "^ »- 2cx-\-xx ^hbce — Sbc xy + ^xxjy 

and by due Redu6iion there will at length arife 
r*"~'*Sj+4t'* 7""^t/' =0.1 

Which gives the Relation of the Curve : Which becomes 
an Hyperbola when the Angle BPM (vanilhes^ or) be- 
comes nothing ; or, which is the fame Thing, when one of 
the Angles at the Bafe DBA is double of the other DAB. 
For then BN 01 b vanUhing, tlie ^Equation will become 
jyzzL^xx-^- 2CX — cc. 

And from the Conflruaion of this ^Equation there comes 
this Theorem, [f^ide Fi^nre 54.] If from the Center Q the 
Afymptotes being C5, CT", coiitaining the Angle SCT ot 
120 Degrees, you defcribe any Hyperbola, asD/^, whcrfc 
Scmi-A3ds are C^, CA; produce C^ to 5, fo that f^B 
ihall = yCy and from A and B yoe draw a!hy howr the 
right lines AD,BDy meeting at the Hyperbola ; the Angle 
^AD will be half the Angle ABD^ but a third Part of the 
Angle AD En which the right Line A D comprehends to- 
gether with B D produced. This is to be underftood of an 
Hyperbola that pafles thro* the Point f^. Now if the two 
right Lines Ad and 5^, drawn from the fame Points A and 
1B, meet iil the conjugate Hyperbola that paiTts throi^h A^ 

then 
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then of thofe two external Angles of the Triangle at the 
Bafe, ,that at B will be doable of that at A. 

Problem XXXVII. 

To defcribe a Circle through two given Points 
thatjhall touch a right Line given by f9fition% 
[Vide Figure 5 $.] 

LET A^rvdiB be the two Points, and £F the right 
Line given by Pofition, and let it berequir'dtode&ribe 
a Circle AB £ through thofe Points which (hall touch thftt 
right Line F£. join AK and bifeS it in D. Upon D 
ereS the Perpendicular D F meeting the right Line F£ isk 
F, and the Center of the Circle will fall upon this laft 
drawn Line D F, as fuppofe in C. Join therefore CB \ and 
on FE let fall the perpendicular C£, and £ will be the 
Point of Conta6i:, and CB and C£ equal, as being fiadic 
of die 'Circle fought. Now fince the Points Ay By P, and 
F, arc given, let I? J5 1= ^, ^nd D Fz= t j and feek for JD C 
to determine the Center of the Circle, which theie&ie call 
x^ Now in the Triangl e C D B, becau fe the Ai^ at.D is 

a rigkt one, you have v^D B^ + DCf, thatis, s/mjt^sLva^ 
•^CB. Alfo DT — DCy or h^x^Cf. Andfincci* 
the right- angfcd Triangle CVE the Angles are given, there 
will, be given the Ratio df the Sides CF and C£. Let d^at 

be as '^ toe 5 and C£ '^^ill be — ^xCF, that is, rs 

4 

— ^^ . Now put [or make] Cff and C£ (the Radii of 

the Circle fought) equal to oneiinother, and you'll have 

f 

the j£qiia£i0Q Vjlh^xx s= 7 — • Whofe^Parts betag 

IquarM and multiply*d by 1/ 1/, there Sixiks*ii4dd'\-ddxjc 

And txtra£line the Root x = — ^^-^^^^ — , -i ~* 

. dd — et 

Therefore the Length of DC and confequently the Center 
Cis&an4, from 'which a Circle is to be dsfcrib'd through 
the JBoiots A and B that fiiall touch the right Line FE* 

Pro- 
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Problem XXXVIIL 

To defcribe a Circle throug;h a given Po hit that 
. Jhall touch two right Lines given by Pofition. 
[Vide Figure 56.] 

N. B. This Propo/ition is rtfoWd as Prop* 37. f(tr the 
Point A being given, there is alfo given the other 
Point B. 

UPPOSE the given Point to be A; andlet £F, FG, 
be the two right Lfties given by Pofition, and AEG 
Circle fought touching the fame, and pafling through 
that Point A Let the Angle E FG be biftQed by the right 
line CF, and the Center of the Circle will be found there- 
in. Let that be C; and having let fall the Perpendiculars 
CE, CG to EF and FG, £ and G will be the Points of 
Contaa. Now in the Triangles GEF, CGF, fince the 
Angles E and G are right ones, and the Angles at F are 
halves of the Anele EFG, all the Angles are given, and 
confequently the Ratio of the Side CF to CE or CG, Let 
that be as i to f ; and if for determining the Center of the 
Orcle fought C, there be affum'd CF=:x, CE or CG will 

be = -J. . Befid^s, let fall the Perpendicular AH to FC, 

and Gnce the Point A is given, the right Lines AH and 
FH will be given. Let them be called a and t, and taking 
FC or a: from FHoxh^ there ^ill remain CHzrzh* — x; 
To whofe Square tt — 2tjir-f-Ji;A? add the Square q£ AH 
orsa^ and the Sum 44 -{^bb — ibx-^xx will be ACq 
by the 47. i.EucL becaufe the Angle A HC is, by Suppo- 
IHion, a. right one. Noi^ make the Radii of the Circle 
Ai^ and CG coual to cacli other; that is, make an Equality 
between their Values, or between their &juares, and you'll 



eexx 



have the ^iEquation aa-^bh — ibx -f •^^t=''-T7"* TalK 
away xx fiom both Sides, and changing all the Sign», 

£ e X X 

youll have —44 — fct + ibx-s^xx — -77— Multiply a8 

dd 

Ij dd, and divid^^ by dd^^ee, and it will become 

^^itadd 
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yj :=:xx. The Root of whidl 

ad — ,ee 

iEquation being extraded, is 

hdd^d^eebb+eeaa^ddda ^. ^ ^, • .^t. 
* = > : , . Therefore the LengA 

of FC is found, and confequcntly the Point C, which is the 
Center of the Circle fought; 
If the found Value *, or FCj be taken firomt, orgF , 

♦i^.- Ml • »fr» '^e€b'\-dV^eebb'\'€€ad'^dd44 

incre will remain HCz=z ■ • — — n — 

dd-^te 

the fame ^Equation which came out in the former Problem^ 

fi)r determining the Length of D C 

Problem XXXIX. 

T& defcribe a Circle through two given Points^ 
^vkich Jhall touch another Circle given by P(?- 
fition. . £Vide Problem ii, and Figure 57.] 

T ET ^ 5, be the two Points given, E X the Qrcle gi- 
I y ven by Magnitude and Pofition, F its Center, ABE 
mcCircle fought, paffing through the Points A and Jf, and 
touching the other Circle in £, and let C be its Center, Let 
611 the Perpendiculars CD and F6 toAB being piodoc'd; 
and draw CF cutting the Circles in the Point of Contaft 
£, and draw alfo F H parallel to B 6, and meeting CD in 
H. Thefe being [thus] conftrufled, make AD oxDB-srd^ 
DO or HFzzib, G FzzzCy and £ F (the Radius of the Cir- 
cle given) z=zd, and DCstat; and CH wUl be fcCD — 
FG) z=:;r— r, and CFq izzzCHq-^-tlFq) ^xx^2cm 
^cc-^-bb, and CBq (= CDg + DBg ) ;^xx J^^n^ 

^nd confequcntly CB or C£ = '^x x +44. To this add 

EF, .and yotfU have CF^^ + v^*.v + 44, whofe Square 

rf</ + 44 + Ar;f-(-2rfv^JCjr + 44, is = to the Value of the 
famcCF^ found before, t/fc. at* — 2fA; + f (r«+ H. Take a- 
way from both Sides xx^ and there will remain dd^ da^ 

2 d VxX'\'aaz=: cr + tt — 2f*. Tak e away m oreoveg 

dd + 4d^ and there will come out 2<i'/A?*+ 44^fr + 

lt*-^j^--.4^^2cA. Nowr^fer Abbreviation fake, foi 
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fc-^rhlf^dd— 44i write 2gg ^ and you'll have aiV^xJ+Ir 

j--2|2— 2^Jp,or iVxx '^■aaz^ig'^cx. •And the Parts 
of the i£quation being fquar'd, theie will come oo€ ddxx 
'^ddsd'sig'^ '^2g£c:^'\' ccxx. Take from both Sidca 
id^s ani ccxx^ and there will remain ddxx — ccxx = 

t^ ^^ dddd-^ 2gicx. And the Parts of the ifiquatioa 
sing divided by ad^^cc^ you'll have xx = 

f^^MdA-'2ggcx ^ And by Extraaioa of the afFeacd 
dd — cc • 

^ ^ — ££^ + ^g^dd — J*4/i 4- ddddcc 

Root *=: — *^ — ^ — ^— n — • 

r* dd — cc 

Having found therefore JT, or the Lengdi of DQ bifeft 

\AB in D^ an d tit D erefl the Pe rpendicular DC z=z 

r::lii±?-:<2EH2lEl£f. Then from' the Center 

Cj dirongh the point A or 5, defcribe the Circle ABE; 
for that will touch the odier Circle £ K^ and paft thxoogh 
loth th« Points >d(^ £. Q-EF. 

F a o » L E M XL* 

T^ describe a Circle through a given Point which 
flail touch a given Circle^ and alfo a right 
Line^ hoth given in Fojkion^ JlVid^ Figure 

58:1 

ET the Circle to be defcriVd be S D, its Center C^ and 
^^ B a Point thcou^ which it is to be defcrib*d, and 
^D the right Line which it (hall touchj'the Point'of Con- 
VkH Dj and the Circle which it fliall touch Gj^M^ its Cen- 
ter F, and its Point of Contacl E. Produce CD to jg, fo 
that D H fliall be s= £F, and through O draw ON pa- 
tallel to A D. Laftly, from B and F to^D and^iV, let 
fidi the Perpendiculars B'A^ FN ; and from Cto AB and 
fN let fall die Perpendicular CKjCL. And fince BC:si 
€[D^ o^AK, 5i: wiU be ^.^AB^AK) zszAB^BC, 
^xd confequently BKq zztABq-^AB x BC^ BCq. Sub- 
tra^ this from BCq^ and there will remain 2 ABy.BC"^ 

jiBq for the Square of CjK. Thejefore AB%2BC^AB 
m CJSC*} J and fbf the fame. Reafon FN >« zFC^FN^ 



L 
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'Ctq\ and confcfuenUy ^J^ + ^^^saSC; and^*^; 
fUsi 2FC. Wherefore, if for AB, CK, FN, XL, iu^ 
CLi yoa write 4, y^h, c, and c — jr, yotfH have — + f 4 :;4 

BC; and '.£:r:^l±21jf.i\,=.fc From FC take away iic; 

«»d^efefeinain. £F3=''-^=^f±I?;+ |t-g~ ^i« 

Now, if jJm Points wliere F;ZVljeing produc'd cuts Ae r%Ht 
iine AD. and ]Che Ciick GEM he mark'd witif the Lettea 
ft, G, and )U. and iq»n J^TG prodw'd you take HR s=Ai, 
fince HN(=Dilz=:EFJii=GF,hf adding F Hon both 
*ide8, yoo'irhave f JV == (? H, and confeqnendy AB — FJ^ 
iz=:HR^Gn) t=<r/?, and ^ i? — FAT 4. 2 £ Fj that i»; 
a—h + 2EF^'RM, and f4— it+ £Fr=H^. 

Wherefore, fin* zhqvp EF >yas =. 'il=i/-L±22 ^ j^ 

i~ — — f4, if thi« be wr^ten for EF you'll have HAf 
^'Jnlfl±22^U jCall thprefoje RM4, and 4 

2 b » 2d 

l>y 4 and t, sojd thejfe ttrill arife 4i4 ==4 <: c *— 2 4^;r •+• ay^ 
\^^hjj. Take away &ofii bdtti ^ides ac€^^2^cy^ 2^ 
there wUltcmain iiM--^4ii'^-t 2<i^jf:5;:4jfy— tyy. 1^- 

ridety « -^*, atid |hf|te wti arift ^^"^"^/^^^^^^^ 

\^ yy. And eitrafling the ^oot y p ^-— r ± 

:/ ^*^"''**^,"^,t^^^ :' WhkhG(ioclufions.riaybe:tlHii^ 
abbreviated ; make r : 1^ : : <l : r^ thca ii-*' 6 : dzie ;j^. 

Havinjg fopiid j ^ or KC, or ^D, take j4D:^f± 
Vff-^fe — /c, and at Z) ciea the Perpendicular D C (?? 

2 C^ u= ^? i|. :f ^ S . and from the Center C, at the Itki 

2AB • • - 

nerval C^oiCVy defcribc the Circle B D £, for this paffing 
- U 2 througq 
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throug;h die given Point 5, will touch the right line Ahm 
1), andthcCurdeCjE^WinE, Q.EF. 

Hence alfo a Circle may be defaib'd which fiiall toud^ 
two given Circles, and a right Line ^ven by Pofition. [yiie 
Figure 59.] For let the given Circles be XT', sy, that 
Centers B F, and the right Line given by Poiition P Q. 
From the Center F, with the Radius FS'^BR, defcribe the 
Gfcle E M. From the Point 5 to the right Line T Q^\^ 
fall the Perpendicular B P, and having produced it to A, fo 
that VA Ihall be = B R, through A draw -rfff parallel to 
P Q^ and defcribe a Circle which ihall pafs throqgh the 
I^oint By and touch the right line A H and the Circle £ M. 
Let its Center be C; join BCj cutting the Orcle XT' in ^ 
and the Circle R S defcrib'd from the fame Center C, and 
the Radius CR will touch the Circles XT, SV'^ and the 
right Line ? j^ as is mamfeft by the Confirudion. 

Problem XLI, 

To defcribe a Circle that Jhall pafs through a 
given Pointy and touch Wo other Circles 
given in Pofition and Magnitude^ C^ide Fi- 
giire 60.'} • 

LiE T the given Point be A, and let the Circles gtvcft 
I in Magnitude and Pofition be T/^, R HS^ their Qm- 
tfcts C and i? J the Circle ^to be defcrib*d AlHy its Center 
D, and the Points of ContaiS / and H. Join A B, aC^ 
AVy VBj and let A B produced cut the Circle if f/ 5 in the 
Points R and S^ and yf C produced, cut the Circle Tlf^ i^ 
Tandr. And having let fall the Perpendiculars DE 
from the Point D to^ABy and DF 60m the Point D to 
AC meeting AB in G^ and [alfo the Perpendicular] Ct, 
to AB; in the Triangle ADB, AD^'^DBq-\' ABq 
^will }x^2AEyiAB, by the 1 3th of the 2d. EUw. But 
VB ~ AD + B^y -and confequently DBq ■= ADq + 
'2^Dx BR -^ BRq. Take a\Yay this from ADq 4" A Bq^ 
and there will remain ABq*^2ADy^BR — BRq ^ 

2^E ^jiB. , Moreover, ABq-^BRq is =s AB^B R 

X ^5 + BR = AR X AS. Wherefore, AR ^AS-^ 

\AD%BR^2AE^AB. And ^^^^^^r;^^^^ ^ 



^aiJV:j!;.t4S 
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toii'AD. And I9 a like Reatfoiiing in the Triangle 'A£>C^ 
taae will come out again 2AD z= j;r-- 'i 

Wherefore ^ ^ ^^^ . And-^ 

RAS , 2i?>i£ 2C//f , , 
»*-• ■ -T* ■ g— ^ ■» . Anal 

BR ^ BR ^ CT 
T^f^ RAS , 2BAE CT .^ „„ ^ _ 
-Cr''-BR'^-Tr''rAC='*^' whence fmce 
A K'.AC'.iAT'.A G, ^ G will =s 
r^r RAS ^ 2BAE CT ^, , . - 

"cr - Tie + -bT "" TaT ^^^ ^""^^ **' *^°'° 

!<<£, or — ■ ■■■ >f .— ijjT and there will xaaamGE^s 
I^iS TW 2BAE 2KTe CT 

"bT — ct^'bT'^'-ct'^Tak: ^^"'' 

finctKC'.AKi.GE-.DE; Z?£ will be — 
TJs TAP 2i<^£ , 2KAE CT , 

BR ~"'cr'^'~Br y ~cr ^ ^wc ^pon^s 

^e AP^ which let be to AB as CT ter BR, and ^1^3 

' ' CT 

^Ube = 2^, and fo ^A^^E _ 2_B^ _. 
BR CT — " pyo 

2K^E ,^, > -.^ ^^5 r^r 2PKY.AE 

•• • ! — , and 10 D Ezss — ^ — — • — : Z. V 

CT * ifiC CT CT ^ 

■—^ Upon AB erea the Perpendicular ^^ = ^~ 

^W^'TTC ^^^''^'^^^ HO^^J^^, and 
AO will be =:D£. Join VO,DQ^ and CP, and the Tri- 
sfnglesjDOj^, CK?, will befimilar, becanfe their Angles 
at O and ^ are ri«ht one?, and the Sides (KC : P K : t 
AE, or DO : J^O) proportional. Therefore the Angle* 
OQDy KPCy are equal, and confequently QD is perpeii- 
^jcoTar to CP. Wherefore if y* A? be drawn parallel to CP, 
and nieeting QD in A/, the Angle ^A7P will be a right, 
one, and the Iriangles AQ^N, PCK fiimlar ; and confe- 
jmently Pd KC : : AjQ_ .AN, Whence fince AQ is 
' ' . " * RA^S 

BR 




^^. Produce AN to M. fo that NM (hanbc = AN, 

and ^D tvill = D^W, and confcquently the Circle will 
pafs through the Point At. 

Since therefore the Point Ai H giv^n, there follows this 
Refolution of the Problem) without any farther Analyfis. 
, Upon AB take AP, which ippft be to AB ^sCT to 
BR ; join CPy and draw parallel to it A My which lhal| 

^ ^^ -¥-^ 7i?F-f as Crto PC; and by the Help of the 

JSR CT 

39th Prohl. defcribc throiigh the Points y< and M the Cir- 
cle ^/H/f^, which Ihall touch either of the Citdes T/r, 
RHS^ and the fame Circle Ihall touch both. Q* E. F. 

And hence alfo a Circle may be dcfcrib'd, which fliall 
touch three Circles given in Magnitude and Polltion* For 
let tlie Radii of the given Circles be A^ B, (J, and their 
Centers fD, £, F. From the Centers E and F, with the 
Radii B+A and C+A defcribc two Circles, atvl let a third 
Circle which touches thefe [two] be alfo Idelcrib'd, and kt 
it pafs throug;h tht Point A ; let its Radius be (7, and its 
Center H^ and a Circk delcrtb*d on the Cime Oonter l( 
irith the Radius G + A^ fliall toqch the thre^ finrmer CircH 
af %va3f reqi|ir*d, / 
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Problem XLIL 

Three Staves being ere&edy or fet up an End:^ 
in fame certain Part of the Earth perfendicn* 
lar to the Plane of the Horizon^ in tJoe Points 
Af Bj and C, ^whereof that which is in A is 
fix Foot long^ that in B eighteen^ and that 
in C eighty the Line A B being thirty Foot 

• i^^£ ^ ^^ happens <7n a certain Day [in th€ 
Tear^ that the End of the Shadow of the 
Staff A Pajfes through the Points B and C, 
and of the Staff B through A and C, and of 
the Staff C through the Point A. To find 

■ the Sun^s Declination^ and the Elevation of 
the Pole^ or the Day and Place where this 
Jhall happen. [Vid^ Figure 6n]| 

BEcai^ the Shadow of each SUiF defcribes a Conick StaU 
on, or the Se£lion of a luminous Con^, whdc Vertex 
tt tftc Top of the Staff., I will feign BCDEF to be fuch 
a Curvjc, [whether it be an Hyperbola, Parabola, oc El-» 
Kpfe] as tlie Shadow of the Staff A deicribes that Day, by 
putting ADyj4EjAFy to have been its Shadows, when iBC 
BAy CA^ were refpeftively the Shadows of the Staves if;' 
and C And befidea . I will fuppofe P AQ^ to be the Meri- ' 
dional Line, or the Axisof this Curvte, xp which. the P»-< 
pendiculars BA^CHL D K, EN, ami PL, being let fall, 
are Ordinates. And I will denote thefe Ordinates indefi« 
tritely [or indifferently] by the Letter jr, and the intercepted 
parts of the Axis AM, AH, AR^'AN^.md AL by the 
Letter x^ I'll fuppofe, laftly, the ^Equation AA-^hx ^ 
f ** = 7Jf, to exprefs the Relation of a; and ^, (i, e. the Na- 
ture of the Curve) affuming 44, ^, and tf, as known Quan- 
tities, gs they will be found to be from the Analyfis. Where 
I made the unknown Quantities of two Dimenfions. only 
becaufe the ^Equation is [to exprefs] a Conick SeSion ; and 
I omitted the odd Dimenfions of y, becaufe it is an Ordi- 
nate to the Axis. And I denoted the'Si^ns of h and r, as 
being indeterminate by the Note J«, which I ufe indiffe- 

rently 



fently for ^^ ^^ ^^9 ^^^ ^^ oppofite ^ for the contraqri 
But I made the Sign of the Square 44 Affirmative, becatife 
the concave Part of the Curve neceflarily contains the Staff 
/^, projeding its Shadows to the oppofice Parts (C and F, 
P and EJ i and then, if at the Poitit A you ered the Per- 
pendicular j4f>^ this wit] fome where meet the Curve, fup- 
pofe in ^, that is, the Ordinate jr, where :ir is nothing, will 
[AilT] be real. From thence it follows that its Sqoate, 
iwhich in that Cafe is 4 4, will be Affirmative. 

It is manifeft therefore, that this fictitious iSquation da -L* 
hx -^cxx^szjy^ as it is not filld with fuperfluous Terms^ 
(o neither is it more rellrain'd [or nanower^ than what is 
capable of fatisfying all the Conditions of the Problem, and 
will denote the Hyperbola, Ellipfe, or Parabola, according 
as the Values of 44, b^ Cy fhall be determin'd, or found to 
be nothing but what may be their Value ; and with what 
Signs h and c are to be afTcded^ and thence what Sort of a 
Curv« this may be* will be manifeft from the following 
Analylis. 

The fifrmer Part of the AnMlyfi, 

Since the Shadows are as the Altitude of the Staves, you*D 
have BC:AD::AB: ^£ (: : 18 : 6) : ; 3 : i. Alfo 
CA : AF (: : 8 : 6) : : 4 : 3. Wheretore naming ^or 

making] AM= + r^ MB:=z^s, AHzzi-^h and //C 
cs-J-v. From the Similitude of the Triangles AMB^ 

^NE, and^HC ALV^ ^iV will be =—!!. ZV7E 

as-r-.-rfLz=:-r—, and LF=;—^- ; whofc Signs I 

put contrary to the Signs of AM^ M^y AH, HC^ becaufe 
they tend contrary Ways with refpefl to the Point A from 
which they are drawn, and from the Axis P j^ on whicii 
they fland. Now thefe being refpeflively written for * and 
J in the fiSitious ^Equation aa-^hx-^cxxzzzjj* 

rand J- s will give 44-^ tr -J- frr = ;/. 

I 

and -T - will give 44T—-i-4crr'=4^/x; 

3 3 3 

-L/ and + V will %vit 4a-^h% -^t-^ cttz=ivvl 

T I f and — I V will giye 44-J- 4^ Xt^ -^iV^^'= A«^» 

Now 
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Now, by exterminating $g fiom the firft woi fecood J&» 

2 4 4 

qnattonsy in oider to obtsun r^ theie comet out -r-^ ^ rl 

Whence it u maniftft, dut -L- f is ASnnativc, becauTe r is 
fa. AUb byextenninating t/v fitom th#tfaiid and fomth^ 
(after havii^ written for 4-1^ its Value -f ^) to obtainr, 

UKEfe comet out -^-s: ^r, dwiefont is pofitive aiid equal 
to -T, and having mit ^,-' for r in the firft, and -rSat 
fin the chad, there arife 2 44<i-^rr-s"> >ii^ ^^^-^ 

MoreoTct, hairing let Gdl B» perpendicdarsiipon C^ 
BCwm be :^2? C: : 3 : I) ::Ba t'i^iC: :C*.-i2?X: 

^'^iCwinbesB^'', botwithaNegatiTeSign, v^-^ ^ 
AlfolmceC* (= CHJ-B-Msstr^O =^^-»-|^ 

^■— i"*— — ^— ^% ■ I ■■■■ 

a./^344jLl^, andthereforepJ!:C=rfeA)-s= 



•» 



jf^il' ^ -l^JL J. ^^^^^ which being rei 

fpcftively written in the jEquatioh da-^hx-^exXszyyt 
orrathex the j£quation 44r^ hx^cxx^yj^ becaufe k 
hath before been fennd to be Positive, for AK and O Jt; 

or 4* and jT, there coAies out -£ u ^^^ .^-^ddJm, 

•'* ^ 9 81 tt 27 

%ibb '^ 27 8il>t i 9*^ 

Redufiion — Ih -r 444^-^: -^ 2 V^36** -I- ^lAtUc + 4^rr ^ 
and the Pahs being fquar'd, and again redoc'd, there codies 

0atOs5i42l*XidJ544iic, or ^^~^s=: Jr. Whence 

^ ^. f ip644 

it is manifti^ that -L. c is Negative, a^d (x^nfequegd^nthef 



tM4l 

Wiidoai iEqcatibn ^M^hx^citxrryj wiB be of tUb 
Form, 4M-\'bx^^cxX's^jy. And its Center and two Aiea 
aie ithoi fbuhd. 

• Making jrsro, nlSalpfm in tbb Vertex's of the Figui^ 
? and^ you'll 4iiive ^tk-^hx^tj^ smd hafirtng ex- 

iniiw tbe Root « =;^± /iIT5 = >-J^l ; 

I? T— "♦" —f whttc'^? and ^jO axe compiled bom A 

towardk the Parts jg j and confequently when AV vk comr 
puted from A towards P, its Valoe will be foiufd to be 

•^ j-^ + r — 4- — • Ani codTcquently, taking ^r a: 
y wUt fcetfae'Dnter oF »ieEUlpr<^ and rQ3<»V^9 
f^i*. 4^) fhegrtsrteftSemi^AiiB/' If, »oreOTer,die 
VaWdr Jr^, or i^, le put !(* ^ B ihe iEqoidon «4-f 

l« ^£xx, t±^ji^^te will cpmc 6ut M4^ — si W* 

* 4*^ 

• Whcnfore 44 -4* — wffl be — ^ Z^ tlfit is, to t^c Squaiie 
of the.lcaftScmvAxjs. ^Jt^%, in..thc Valifes of ^f^ and 

t .1 '-- - ' '• * * 14.2 it 

V^^Vi aheady fconA, writing -32i_ for^- thefeouae 

-1 S84ir ^ 5mII244VT ^ -.^ _i84'/3 __ 

143* -^143^ V^H3 



^^ 



>• •: * . - •- '^ •» 



7i< pth& Pm of the Andfyjtf. ^ [Vide Pigbrc 62.J 



..' Soppofenpw .die Staff yaffi fiapdiiq; on the PoiiK ^ and 
if P fi ,wiH be Aec Meridional plane, , and X PZ ^ the Jo- 
tninoSi CCHe whole Vertex is R. 1^ dlttreovdr T^'Zht 
a plane cuttii^g the Horizon in VZ^ i a^d the Meridional 
iPhoffi fi^i f ff' Xf whicii Section let it be peilpaidicular to 
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the Axis of the World, or of the Cone, and k wiU cot die 
Cone in the Pciiphciy <^ ibe Circle TZX^ which will he 
every where at an equal Diftance, u RX^ RZy RT9 irom 
its Vejtcx. Wherefore, if PS he drawn parallcf to T JT. 
youllhaveiR5h=XP, by rcafon 0f the cqud (Wititiei 
RX,RT; andalfo 5jr=Jir^, Ijyrcafonof the eqoal 

Quantities ?r, ^ (gj whence iejTprie^r (-^f+^Jl 

2P4- RO 
= — — -. laflly, draw jr, and fincc FZ pcrpen-^ 

dicularly (lands on the Plane RPQ^^ (9s beiiMr fhe SeAJon 
of the Planet perpendicdarly fian4iOg pn the uine CPlanel) 
the Triangle Ry'Z will be right-ai^led at f^. 

Now making RA:rzd, ^Fz^e; FFofV^zzfy uxA 
y ^ —gj yo"'H have AP-szf-^e^ and R f sz 
^ff^^tj^ttJrii . Alfo A{1^\ + f J and ie j^ — 
V^//+ 2ff-f '« ^ ii \ and cp i^feqo ently R Z (ss 

i ' ' :-. ! — ^ — ^ ' i ■ ; ■ 

.^y hpfe: Sqaiue ^-^ + y + ^'^ + t 

ff + 2gg, and the Bum being f^r'd and tedic'd into 
0»d<5r, ddffssi4ig-¥eeU''fh£'\'g^\ "^ Hi ^ 

mp 143* ,/,.• 

<^ Valon of AS^ AV, Yfl, and VZ^ ,Im^ leflQr'd &t 

?^> '^ '-^"^ and thence-b, Reduffion 4£iMjA4Jlf 
145** 484*1 + 1287 

InthefirflSchemc-rfiWj + AfB^ — -^5^, that is, rr 
"^licsJSXjJ* Btttrwas — -T-, aiod ;/ s 344 — 



f 



vt 



LI563 

5jll, whence rr=\'^, and f^^ fat c> 

** ' bb 19644 



>/5s*— . Whcfcfore^,^+*- sr 53x35, and thtocc 
4P bb ^ 4P '^ ^'* 

I>y Reduction theft again lefults — ^^ =JK Put- 

ting therefore an Equality between the two Values of tt^ 
and dividing each Part of the iEquation by 49, you'll have 

■ o ■ ■ , — -~ =r -— -~. ; wbofe Paiti being multi- 

4844 + 1287 5^^61—444' * 

ply'd crofs*ways, and divided by 49, there comes out 44^ 

«rp8i44f 274428, whofe Root 44 ii g8^+>^^^5896as 

es: 28o>22^4I44« 

Above waa found —4^^ — =*tf «■ ^ 

53561^444 \/s ji^ 6i ^44it 

;^t. Whence yf^ (^ — r) *• ^ — ^"^^^ ^^— . and TF, 

or rH (l^^^^) ii — ^160^3 — 1244. That is, 

145^ '43 

l>y fubflituting 280,2254144 for 44^ and reducing the Tenoi 

into Deciinale, AV =r Ii,i882pt, and VP 01 VjQ^=s 
-12,14708s } and confcquAitly AP (P K -^ AT} ts 
io.s^sMb, and AH (^Afr^ ^fi) 3i^335382- 



Lafily, if ^ir^R or i be nuute Radiui, i^ A Q o^ 
5,355897 wiflbethe Tangent of theAi^le ARQdt 7^ 
gr. 47'. 48*'. and 4. ilP or 1,826465 the Tangent of the 



rr. 47 •4^ • ana t ^'^ ^^ 1,520405 xnc 1 
Angle 4RPo£^6iir.if.<7!'. half the Sum of which 
Ahgkt 70 ^n ^2'«50^. is the Complement pf the Sun's De- 
clination ; ana the Senu-diffbence pgr. 14'. 58''. the Com- * 
plement of the Latitude of the Place. Then, the Sun*s Dr* 
dination was 19 gn 2f. lo^ and the Latitude pf the Place 
"^O^r. 45 V2q'^ which wexe to be found. ;' J 
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Problem XLIIL 

If at the Ends of the Thread DAE, moving 
• upon the Jix*d Tack Ay there are han^^d two 
Weights^ D and E, whereof the freight E 
Jlides through the oblique Lini B G given in 
Pojkion 5 to find the flace of the Weight £, 
where tbefe Weights are in jEquilihiOm 
CYide Figare 63.J 

OPPOSE the Probl^ done, and parallel to AD 

I draw E F, which Ihall be to AE atf the Weight E to 

tEe Weight D. And firom the Ppidts ^ and P to the Line 

BG let fall the Perpendiculatt AS, FG. Now fincc the 

Weights «e^ by Suppofiuon, as the Lines AE and EP^ 

cxpfefs dioTe Weig|its by thoTe Lines, the Weight D by the 

line EA; and the WeiA £ by the Line EF. Therefoie 

die Body, or £. diitaedby the Foice of its own Weight, 

tends towaxds Fi And by the pUiqoe Force EG tends to-* 

waids 6. And the fame Body £ by die Wc^t D in die 

dired Fofce ABf is drawn towards A^ and in die oblique 

Fofce B £ is drawn towards B. Since therefore the Wdgnta 

fuftain each other in iEquilibrio, the Force by which the 

tVeight £ is drawn towards 2, oi^ht to be equal^to the 

contrary Force by which it tends towards G^ that v, £ £ 

(R^t to be eqml to EG. But now the Rauo of AE to 

B F^is g^ven by the Hypothefis •, and by reafon of the given 

Angle FEjff^ there is alfo given the Ratio of F £ to EG^ 

to which £ £ it equal, Twtfore there is given the Rado 

t£ AE %o BE. AB U alfo given in Length ; and thence 

^ Ti^ngle ABEf and the Point £ will eafily be given. 

Fi c make AB:sM, SEszx, and AE will be equal 

^44^/ex} moreover/ let AE be to i}£ in the given 

Rado of il to e, and e V44 -f K^ ^'1 3= dx.. And the 

Parts «f the ^Equation being fquar'd and reducU, eesd:^ 

* e 4 

iiMM'^f$MMfQt^-ri^=:=!z siM. Therefore the Length 

{£. is found, which determines the Place of the Weight 
. Q,tP. 



^ 
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Now, if both Weights dcfcend by oblique Lines given in 
Pofition, the Computation may be made thus. l^Ut Fi- 
gure 64.] Let GD and B E be oblique lines given by Po- 
fition^ through wfiich.thofe Weights defceiid. From the 
fix*d tack ^ to thefc Lines let fiill the Perpendiculars AC, 
^J?, and let the Lines EG, DH^ erefted from the Weigliti 
perpendicularly to the Horizon, meet them in jjjc Points ff 
and H', and the Force by whicli the Weight E endeavours 
to defccnd in a perpendiculajc linc^ or tro whole Gravity 
of £, will be to;the Force by which the fame Weight en- 
ieavouis to defcend in the oblique Line £ £, as G £ to S £ ; 
and the Force by which it endqavourU to deC end in the 
oblique Line B £,* will be to the Force by which it endea- 
vours to de&end in the Line J f , that is, to theForqe by ^ich 
th^ Thread v:^£ is diftenJed [or ftreprh'd] af BE to ji£.Jm 
cpnfrqiiently the Gravity of £ vill be to the 1 f^nfion ot the 
Jhf ea4 -f^ £, as G £ to yj £. And by th? fame Ratip the Qrir 
y\ty of P will b? to thp T^nfio^i pf jrheThrejjw^ AG^ ai fff) 
UiAD* Let ):n«eforjB th? tcqgfh of the whpije J)i^fad D 4 
^ AE tp Cy . ajid let its P#rr>^;=^, and ji^ other lEafl: 
jiD fnlU:^c^x. And ^^fiirfe 4Eq^^*Bq is a 
iEq, a^d 4Dq-^ACq-^GPfi |ct, mmY^h ^l 
sf4, and ^Ctzt) andB£ wil be ==:i/i«x~^4. wd 

CD = vxx — .2CX -\-cc — ^h. ■ Moreover,- fihcfe tjie Tri- 
angle? i»£<?, CD £f ve given in Specie, Idri?r: £(?:: 

^ : E, Mi4 CD : D H ::/;/, mi £ G will=*t /S^ 

" ' ■* J . ^ 

• • ^« 

and D ff =;:^ \^xx^2cx'i'cc^bb. Wherefpte ^ 

P£: >^£::Wc^ht£:Tcnfion6f -2IB5 tndHfl:^B 
; : Weight D : Tenfion of ADf and tbc& Tenfions ais 

equal, you U li?ve .. ' .,•* ,. := Ten$on of Jb = to 

/ * ' . . . . . ^ 

the Tenfion -^ J9 t= — - — Bllr Jl * ._ . ^fom the 

Red aaion * oP Which iE qua^o n there - comes -out g x 
^xx*^ acapH-tf^^ — i* = Dc^ Die /flrsfS-^yb * 
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But ff you defire a CsSk wherein this PtoHem trnj H 

c6nftru£led by i Rule iuid Compafs. make the Weight D 

Br CD 

CO Che Weight £ at the Rktio -— to the Ratio -=-7^ «id 

... EG DU 

g will IwcoBie s: D ; and fo in gthe Room of tlie pieces 

dent iJE^uation youll have this, .^jj xX'^2McX'^m4cc 

Fr.obl£m XLaV. » 

< 

If on the String T>ABCf^ that Jlides ah out the 
t^d Tdiks A aUd B^ th^re ^are hung three 
Weights^ D, E,Fy B aiui F tat the Ends of 
the String, [ arid E at its middle Pcihf (7, 
placed hetipeen }^^' tracks.: from, the, given 
if^eights^ and P(ffi(ijML of the Tacks to pnd the 
Situation 'if the B^int C, where ihe ^'hrddk 
Weight hangSy and where they are'i% jE^ui'- 
tihrio. t^ide JFigiire 65.] 

SNCt tficTehfi(ko^tlifeTWcad:^Cis equal to'tTfe 
T^i^H tt d» thpiad A D, and the Tenfioti of the 
id AC fo thb Tehltorfof \\)t Th*e«d B PJ the l^Xidn 
rfthic StWngi ot'Thfe^a^ AQ SCj'EC wifl beaarfie 
W*igfila D, '£; f; ' Then' talre the Parts of th^ Thread C(?, 
CHyC li ift' th^ ferifc' ftatid as the Weights. Cortpleat tSfc 
TriArijle^ f?/. Pfodilce fC till it nt^^« 6 Hin K, and 
O'X UriB be = KH, aiid C JT ii f f /, • aftd* cdnfequenUy "C 
tte Getfter of Gravity «f ^h8 Tria&TSle UW/. For, dftfcW 
pig dtreidg^ Cf perp^Adl^tilar'to CE, arid ^pendicMer^ ^ 
that, from die Points G and H, draw G P, Hj^: Anfl if 
the Force by which the Thread -^C by thc^Weight D draws 
the Point C towards Ay be exparefs'd by tie Line G C, tfie 
Force by/which that Thread wiD draw fie fame Point to- 
wards ?/ will be exprefs'd by the Line CP; and the Force 
by which it draws it to K^ will be exprefs'd by the Line 
6 f . And in like Manner, the Fbreps by which the Thread 
oC^ by Means of the Weight F^ (&ws the fame Point C 
' • . -. , - towards 



towudM B, £t and JC wUl be expieff *d by the Lines Cff^ 
CK, and HO ; :md the Force by which the ThieadCf, 
by Means of the Weight £, drawi that Point C towaids E, 
will be cxpiefii'd by the Line CI. Now fioce the Wat t 
u foflain'd in iEqailibrio by equal Forces^ the Sum of the 
Forcei by which the Threads AC and Be do togetheidnw 
C towards K^ will be equal to the contrary Force by wfaidi 
the Thread E C draws that Point towards £ ; that is, the 
S^ GP -f f/j2 ^iU he equal to CI ; am the Force b? 
which the Thread AC drtws the Point C towards ?, wifl 
be equal to the contrary Force by which the Thread BC 
draws the fame Point C towards O ; that is, the Line PC 
is equal to the Line CO. Wherefere, fince PG^ CKj and 
HH are Parallel, 6K will be alfo ssKH^ and CK (s 

G^ + Hjg _^ Which was to be fhewn. Itremain 

2 

tiierefore to determine the Triangle GCK^ whole SidaGC 
iuid HC are giVen^ tog^her with the Uhe CKf which is 
drawn from the Vertex C to the middle of the Bafe. Let 
fall therefore firom the Vertcz C to the Bafe CH the Pe^ 

pendiqjlar CL, and ^^l^^l ^lu te — KLzl 
CCq^KCq^GKq ^ For 2 GJiT- 'write GH, aiid havii« 

2Gjr • ' 

rejeded the common Divifbr G Hy and order'd the Terfflft 
yo uU have GCq^tKC q + CHq szzCKf, or 

ViGCq^KC9-\'ACHq^GK, having fqunji GJ; « 
Xl#« there are given tc^ether the Angles GCKy KCH^ <» 
DACj FBa Wherefore, frpqi the Points ^ andCia 
thefe given Angles DAC^ FBQ draw the Lines AC, BC, 
meeting in the Point C; and C will be the Point fought. 

But it is not always neceflary to folve Qpeftions that are 
of the fame Kind, particularly by Algebra, but from the So- 
lution of one of them you may rrK>ft commonly, info the 
Solution of the other. As if cx)w there fliould be ptofot*^ 
' this QKflion* 



The 



. • ♦ 



TJb^ Thread A CD B hin^ divided int^ the ^?- 
ven Parts AC^ CD, D ^, and its Ends being 
fajien^d to the two Tacks given by Ptfjttion^ 
A and B i and if at the Faints of Divifon^ 
C and D, there' are hangd the two Weights 
E and P ^ from the given^ Weight Py and the 
Situation of the Points C and D, to know the 
Weight E. [Vide Figure 66/} 

FROM the Solution of cbe former Problem die Sotiv . 
tion of this may be eafily.ennagh found. F»oduce the 
Lines AQ^ BD^ till they meet the Lines DF, CE inG 
and H ; and the Weight £ wifl be to the Weight Fy as 
DG toCH. ^ 

And bence^fitay ap^ara Mrchodof making a BlUailce cf 
only^ Tlueadli^ hf which the Weight of say Bray £ maj be 
known, from only one given Weight F. 

PKOftLEM XL.V* 

A Sterne falling down into a Wellf fr4m' the 
Sound ef the Stone firiking the Bottpmy - 19 
determine the Depth of the Welt. 

LET the Depth of the Well be Xy and if the Stone de? 
fcsends WKh eri iiuii&ftiUyaC(%leia«td^ Motion througii^ 
any ^v^st Sfiaoe #^ in any given Time hy and the Sound 
pa^s with an uniform Motion through the fame given Space 
0ij.}xik the givoi.Timft^i^, the Stoac wili 4efi:eQd through the 

/X 

Space >v in tile lixAthy — ^ but the Seund wbidi is causVl 

by Ae Stone ftriking upon the Bottom of th& WeU, wilt 

afccnd by the fame Space x. in the Time . — . For the 

Spaces defcrib'd by defcending heavy Bodies^ are as the 
Squares of the Times of Defcent ; oi^ the Roots of the 
Spaces, that is^ ^x and V^ are as the Times themfelvest 
ivnd the Spaces x and 4^ through which the Sound pafles, are 
Si tbe Times of Paflage. And the Sam of thefe Times 
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1, ^-^, and — , is the Time of the Stonc*i falling to the 
Return of the Sound. Thii^ Time nfty be known by Obfa- 
vation. Let it be r, and you 11 have b (/ ^ 4 =r. 

And hi/ -tizt-^ — . And the Parts being fquar'd, — 

— tr*— 1 . And .by ReduSion xx zz, 

— ^ -j ^ V -^ ^^. And having extraSed the ^oot 
*- dd tdd "^^^-^^^r. 

Problem XL VI. 

Having given the Perimeter and Perpendicular 
of a right-angled Triangle^ to find the Tri- 
angle. £Vidc Figure 67.3 

LET C be the right '^ Angle of the Triangle, ABC and 
CD a Perpendicular let fall, thence to the Bafe At. 
Let there be given AB^BC'\r AC=4, and CDz^h. 
Make tjhe Bafe AB =r x, and the Sum of the Sides will be 
rf — ;c. . Put J for the Difiference ot thcXegs, and the great- 
er Leg AC will be = lllii±2 . the lefs 5C= *:=fr:?. 
Now, from the NatPi c of a right^ngled Triangle you have 
ACq -^-BCqzz ABq, that is, f^'-24x^ XX ^' 

^xx. And alfo AB : ACi'i BCiVCj therefore ABtC 
DC=ACycBC, that is, fc:r = 1^— i^l^f^ZJ^'. 

By the former ^Equation yyisz=: a:a;+ 2*«— 44. By 
the latter yy is -=5 ^as — 24Ar -f- aa-^/^bx. . And confe* 
quehtly Ar* + 24A:-— 44;= a:x— 24;i^ + 44. — 4^;^. And 

byRedu£lion44.v + 4tAr=:;244, ori=: — - — r; 

■ ■■ ' ■ 244- 2t 

Geomc- 



r . 



Geometricalljr thu«. In every right-angled Tranf^k' as 
the Sum of the Perimeter and Perpendicular is to the Peri- 
fiieter^ fo is half the perimeter to the Bafc. 

SubtraQ 2X fifom ^. and there will ismain — rr, the 

d-tb 

Exccfs of the Sides above the Bafe. Whence again, as in 
every right-angled Triangle the Sum of the Perimeter and 
Perpehdicular'is to the. Perimeter, fo is the Perpendicular to 
the Excefs pf the Sides above the Bafe. 

Problem XL VII. 

Having given the Bafe AB of a right- angled 
Triangle^ and the Sum of the Perpendicular^ 
and the Legs CA^rCB-^CD-^ to find the 
Triangle, 



L 



ET C-rf^CB + CD=r4, ^B^h, CDxix, and 
^C-i-C2?willbe — 4— *. Put^C— Clfszy.and 

>f C wai be = lllf±.^, and 0^= "^*""^ BatACq 

'^CPq n—A^q ; that is, ^t JLlL ^tb. 

'A 

Moreovcf, ACy^CB^ABiL CD, that is, ^'-"^^^+^^— J? 

4 
xshx, Whiph being compared, you have 2bb'-^ aa + 

ltax^^xM2szyys=:da'-^2dX'\' Kx-^^bx. And by Ke- 
du Qion, xx^sz 2dX'^2bX'^dd'^bb^ and Xz=:.A'Yb — 

' Geometrically thus. In any right-angled Triangle, from 
tbe Sum of the L^ and Perpendicular fubtrid the mean 
Proportional between the faid Sum and the dovible of thp 
^9afe, aod there will xemain.the Perpendicular; 

SCmht^^/hhZ::^, CD^^tZ*Ji, And * + 
CS-f CDssa, M CiB4>Ci>-=4^«. And dieitfbn 
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l+f V^i^XA? s=4-^*. And the ftn» icing ftimifd 

ftnd multiply *d by hi^ there will be «iafl« -^Jr^-— ji^iir^ 
Hh2i'jr4-*^ = ^^***-2rf*iA- + ttjrA:. WhichiEqua- 
tion Jbeing ofdcr'd, by Txuifpafifiioa of Fkttiy <£m tfiis 

Roots on bo th !)i(lq, .the re will atife * .v -fA« +' bb + <t 
s= * 4" t v^2 /JF^^p2T£ And the Root being again «• 
tra Oed ;t = ~- ,t^ -f V ^b b + jdh ± 

The Ciometrtcal GmfiruRion* , [Vide Figuie {3«J 

Take thfjrefore ABsxz^K BC^s f ^, CD^k j^f^ Jg^ 
a^ mean proportional between J and ^Cp^^EF x^ELt 
mean Proportional between i and D £, aqd B F. ^/ SriH 
J)c the two legs of the "^ «- t^ 



Problem XLVIII. 

Having giwn jm tks r'tdit-angled Trian^ ABC^ 
the Sum of the Sides AC-^ BC, snd tht 
F^femttadar CJ)^ t»f»dth€ Triarngk.' 






— *nti I 



ET yiC-^BCxs:4^ CD^K 4C^^ and iRi: will 



i n ^i 



tV I AC: I BCiAB. Therefore again 

Wherefore 4Ar— ;r;iPsstV44— 34;r,-f 2xx j and the 
Parts bfeing fquar*d and ordered x^-^2mx^ "^^f l ** + 
2«(f»— 44(^;=C. Add 10 tioth ^arts <««(i4-M, and 
lhe« «iffjbe «Mde^»*J-24*»\3-2t****^***'* **"** 



Ii6^2 

ing again extraftcd At-:|4 + r ?^^ + 1* — b y/iJ^Tb* 



Take AB^BC^ \m. At C crcathe Perpendicular CD 
r^h. Piod«;e DC to £; fo that DE (hall :=iDA, And^ 
between C D and CJE take a mean Proportional C F. And 
kt a Oide, defin-ib'd firom the Center F and the Radios BC« 
cut the ri^ht Line S C in 6 and H, and ^G and BH will 
ke the two Sides of the Triangle. 

The fame otbtrwife. 

Let v^C + 5^C= *, -<!^C— BC=;, y/J?s=*, and DC 
5_t, andi±2 wm=i*C,^^^^ = BC, H+^s^^C^ 

Therefore 2Xx-«44:=77 =744*— 4t«, and ;r;r 5:^44^* 

2 1 a:, artd the Root being extrafled a: = — t -+- V^fc &-f 44* 
Whence in the Conftivifiion above C£ isthe Hypothenufe of 
the Triangle fought But the Bafe and Perpendicular, as 
well m this as the Problem above being gpven, the Triat>- 
gle is llius expeditioufly con ftru^ed, [p^ide FigMre 70«1 Make 
a Paiailttogiam C G, wbofeSide CE (hall be the Ba& of the 
Triangle, and the other Side C F the Perpendicular. And 
upon CE describe a Semiciicle, catting the opposite Side PG 
in H. Draw CH^EH, and CH£ will be the Triangle 
fought, 

» 

Probi;>.em XLDC. 

In a right-angled Triangle^ having given the 
Sum of the Legs^ and the ^um of the Per^ 
pendicular and Bafe^ to find the Triangle. 

• 

IET tbeSumefdK Legs ^C and BC beCcall'd] 4, ths 
4 Sum of the B^e ^ and of the Perpendiciilar CD 
iKfeall'd] *, l«c the Leg ^C^», die Bale AMeij, and 

/ '^BCq 
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= ^J^ — ;j =^7—^^+2-** — 2;t*, and *j^=r4#—,4jc 
-fjfAT. Make its Square j^*-. 24 ';v4- 2|^4af:» — 2<iJt' 
-f*^ equal to jrrx/?*, that is. equal toa4bb^2ahhx 
'^yibbxx. And ordering the ^Equation, there will come 

to each Side of the^Equation b^'^tmbbj m^ there will 

s- i 4 _4 ^tt. And the Root bcingex tr^aed on bothSdci 
xx^Ax'^44^bb's=—b^ /bb'^44^ and the Root being 

againextraaed;r— |4 + r it — 144— iv^^2r-^44« 

TAr Geometrical GmfiruBoiK 

Take ^ a mean Proportional between t + 4 and t— «i 
and S a mean Proportional between if and t — R^ and T t 

mean Proportional between f 4 + 5 and f 4 S; and §4 

+ T, and |4— r will be the Sides of the Tri^gle. 

Problem L. 

To fubtend the pven Angle CBD with the 
given right Line CD, fo that if AT^ he 
drawn from the End of that right Line D to 
the Voint A, given on the right Line CB pro- 
due dy the Angle AD C JhaU he equal to the 
Angle ABD. £ Vide Figu re 7 1 .3 

TIJ'AKE CDzrm, AB=zh, BD = *, and SD wiB 6? 
**■ '^ ''BA.:CD:DA = ^. Let fall the Perpendicii: 

X ' * 

lar D£, and S£ wiU be ~ i^iT^f <±Mi =, 

-yr — r-, By reafon of the givea Tritijglc DBA 

••-'•-■ "■■-=■• make 



make BD : B£ : : J : r, and you'll haw again B£— ^, 
therefore >;ir—^ +t>:3:2eAr* And a:*— -2f«» -U 

PaOBLEM LI. 

Having the. Sides of a Triangle giveny to find 
the Angles. [Vide Figure 72.] 

LET the [given] Sides -rrf« = 4, ^C=s t, S C=r r, to 
find the Angle A. Having let fall to AB the Perpen- 
Jar C A which is oppofite to that Angle, you'll have in 
the firft Place, tfc— rr^^Ca— 5C^=:-^/)a— BDa 
x=zAp^BDycAD ^BD ^AB x ^AD^^AbZ 

hb tr 

2 AD. X -d-^aa. And confequently §4 -< -4 -. ^ d^ 

Whence comes out. this firft Tbmtm. AiABtoAC-^ 

BCto/iB— BC to z^ fourth Proportional iV. '^^"^^ 

zrzAD. As AC to AD' fo Radius to the Cofine of the 
Angle A* 

Moreover, DCqspz ACq ^ ADa =: 
2aabb'{'24aec'[' ibbcc — a"^ — J*.-«^4 

444 
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. \ . 4^ ^-* .Whence 

having multiply 'd the Roots of the Numerator and Deno- 
minator by b, there is made this fecond Th eorem, M 24h 
to a mean Proport ional be tween ^-f |r + cX4 + i— c ^nd 

4 — fc4-€X — 4+ t + ^, fo is Radiitt to the Sine of the 
Angle a. , 

Moreover,on yrfS take y^£;- ^C, and draw C£, and the 
Angle ECD will be equal to half the Angled. Take AD 
irom AEy and there will remain D£:^ii^— 44 

^J^-'Cc cc^a4'^2ab~bb ^ c + 4— .^ Xf— 4-f» 
2^ .24 ► "" """""^ ^^ ^' • 

"^^^^""■"■'""*"^" ""■■■"■^^■"^™""" ■■^■■■^i^^^^Ba^ _^^__^_^__^_ 

Whence D£a ~ f 4- 4~-^xc + 4-^txc— 4 -<• tx<>T-4+t . 

And hence is made the third and fourth Thtonm^ viz. As 

a^b 
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^dhtoc'\'4^byie^4^h (fo^C toZ)£) feRtdm 
t« the vcrfcd Sine of the Angle A. And, as a mean Pro- 

f3rtional between 4 + t + r^ md a-^b'^c to a mean 
roportional between r + ^ — K and ^ — < + Jr (fo CD to 
D £) fo Radius to the Tangent of half the Angle yf, or tk 
Cotangent of half the Angle to Radius. 
Befides, C£f U tszCDq-;^ D Eif =: 
24bb^bcc^^b0a'^b^ b. — r * r-t 

Whence die. fifth and fixtb Tjbeorjffy. As a mearr Proporti- 
onal between 2 d and ai to a mean Proportional between 
^<^4*— t^, andc— ^n+'^t or as 1 to a mean Propoxtionai 

between ^^tl^, and^JZ^^ (fo^C ta|C£, orC£ 

W Z>£) fi) Radiips to the Sine of | the Angle A. Aivl as a 
mean fropotrional between 2 4 and 2 1 to a mean Proporti- 

ooal between a-^b + s and 4 4- & t ({6CEwCD)(if 

Radiui to the Celine of half the Aligle A. 

Bot if bcfides die Angles, the Area of the Triangle^be alfd 
fbuglit, muldply CDq by ^ABa^ and the Iu>ot. m* 

jv^4 + t + rX4 + t---^X4^r-FcX~4+* + rwillbc 
Ae Area feughf:. 

P^QEL EM Lll. 

Fr^w t/&i? Vhfervatwn of four Places vf-A CIp- 
met^ nn^vint 'Bntb an mifofw rigbt'Une J Ac- 
tion through the Heaven^ ts determine ifs Di- 
: fitmee front the Earth j and DireSion and 
Vetocit} of its MotioUy according to the Co- 
pernicaji Hypothejis^ £Vide Figure 73»3 

« 

T F fiom the Center of the Comet in the four Placfls ob- 
I fervid, f ou let &I1 fo many Perpendiculan to the Pbfl^ <^ 
the EdiprtclT} and A^ 5, C, D, be tjie Pointy in tjMC Pl«i» 
on whtdi the Perpendiculars fall ; through thofe Points draw 
the right Iin«-^i>,apd. this will be cut by the Perpend** 
ctilars in the fame Ratio with the Line which the Coo^ 
defcribet by itr Modon ; that is, fi> that ^£ (hall be to^C 
as the Tunc between the firft and fccond pbfertation to the 
time between the firi! andb thisdi and AB to AH as thff 
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Tinie between the firft and fccond to the Time between the 
firft and fourth. From the Obfervations therefore there are 
• given the Proportions of the Lines AB, AC, AD^ to one 
another. 

Moreover, let tlie Sun 5 be in the fame Platte of the Eclip^ 
tick, and £ H an Arch of the Ecliptical Line in which the 
Earth moves ; £, F,(j, H, four Places of the Earth in the 
Times of the Obfervations, E the firft Place; F the fecond, 
G the third, Hthe fourth. Join AE. BF^CG, DH, and 
let them be produc'd till the three former cut the latter in 
/, K and L, viz. BF in /, CG in K, DHin L. And the ^ 
Angles AIBj AKC, ALD will be the Differences of the 
obferv'd Longitudes of the Comet ; AIB the Difftrence of 
the Longitudes of the firft and fecond Place of the Comet ; 
AKC the Difference of the Longitudes of the firft and third 
Place, and ALD the Difference of the Longitudes of the 
firft and fourth Place. There are given therefore from the 
Obfervations the Angles AlB^AKQ ALD. 

Join SEy SFy EF ; and by reafon of the given Points 
S, Ey F, and the given Angle ESF, there will be given the 
Angle SEF. There is given alfo the Angle SEA^ as being 
the Difference of Longitude of the Comet and Sun in the 
Time of the firft Obfervation. Wherefore, if you add itt 
Complement to two right Angles, viz,, the Angle SEl ty 
the An^le SEFj there will be given the Angle lEF. There- 
fore there are given the Angles of theTrianj»le /£F, together 
with the Side £ F, and confequently there is given the Side 
I Em And by a like Argument there are given KE and LE. 
There are given therefore in Pofition the four Lines A I, BIf 
CKj D Ly and confequently the Problem comes to this, that 
four Lines b^ing given in Pofition, we may find a fifth, which 
(hall be cpt by thefe four in a given Ratio. 

Having let fall to A/ the Perpendiculars B My CN^ DOy 
by reafon of the given Angle A IB there is given the Ratio 
o{ SM toA4I, But B M to CN is in the given Ratio of 
BA and CA, and by reafon of the given Angle C XiV there 
is given the Ratio of CN to KN. Wherefore, there is' 
alfo given the Ratio o£ BM to KN; and thence alfo the 
Ratio of BM toMI--KN, that is, to MN+IK. 
Take F to /^ as is -^ B to S C, and fince Af ^ is to iW ATv 
in the fam^e Ratio, P -f MA will be to / AT + A/ iV in the 
fame Ratio, that is, in a given Ratio. Wherefore, there is 
given the Ratio of BM to P-^- MA. And by a like Ar- 
gument, if j^ be taken to /L in the Ratio of AB to BD^ 

■ . '" Z - - - - jjj^P 



tiwre will be given tbQ Ratio of Zr iM to O-f Adf ^. And 
then the Katio o( 5 Af to th6 EKffeience "^ / -f iti i< and 
H -f MA will be given. But that Diffeience, vit^ P--i2» ' 
or Q^ P is given, and then there will be given BM.l^ 
B M being given, there are alfo given P-^- MA vccAHl^ 
wd thence, MAj MEy AE^ and the Angle £^JB. 

Thefe being found, ered at ^ a Line perpendicidar ta 
tiie Pkn of the Ecliptick, which fiiall be to the Line EAu 
the Tangent of the Comet s Latitude in the firft Obfervati- 
oa to Radius, and the lind of that Perpendicular will be 
die Planet's Place in the firft Obfervation. Whence theDi- 
. fhnce of the Comet firom the Earth is given in the Time 
of dut Obfervation. 

A|id after the fame Manner, if from the Point S you e- 
left a Perpendicular which ihall be to the Line £ F as the 
Tangent of the Comet's Latitude in the fecond Obfervation 
to lOtdins, you'll have the Place of the Comet's Center in 
that fecond Obfervation, an^ a Line drawn from the firft 
Place to the fecond, is that in which the Co^et flioves 
tboB^ the Heaven. 

Problem LIII. 

If the given: Angle CAD move about the en* 
gular Point yA riven in fojition^ and the given 
Angle CBD afout the angular Point B given 
alfo in Poftiofty on this Condition^ that the 
JCegs AD^ B Dy Jhall always cut one another 
in the right Line E F given likewifs in Pofi- 
tion J to find the Curve ^ v>hieh the InterfeSion 
C of the other Legs AC, B C^ defcrihs^ 
[Vide Figure 74.3 

PRODUCE C^ to i, fothatyiii (haB be=s^D, 
and produce CB to J^, fo that BS^ fliall be x: to B P. 
Make the Angle Aie equal to the Angle AD E, and cbe 
Angle Blf equal to the Angle BD F, and produce AB on 
botn Sides till it meet de and If in e and f. Produce aJTo 
edtoGy that d G ihall be s= ^ /, and from the Pqint C to 
the Une A B draw CH parallel to td^ and CK parallel » 
fi. And conceiving the Lillys tGy ff to remain imniov** 

able 



r 
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able while the Ancles CAD^ CB 2>, move by the afbkiaid 
Law about the Poles A and £, Gd will always be equal to 
fl^ and the Triangle CHK will be given in Specie. Make 
therefore Ae=zay eG=h, Bfirzt, AB^m^ BXtszk^ 
r andCJt=^. And SXwillbc rCXrrJJ/if^. There- 

fore fs z=~-=zGi. Take this from (?f, and there will 

remain r ^ j- ( _ ^. Since the Triangle CKH h giwi 
in Specie, makeCX:CH: : i : f , and CHiHKiiiif^ 
and CHwiU^y^, and HK^z^-}. And confcquently 

-dHssm^x-^i^. But AH:HC.:Aei rrf, that ii; 

w-^ * — jjr • -J • • <^ : t— ~. Therefore, by miilti|dy- 
ing the Means and Extreams together, there will be made 

all the Terms by dx^ and reduce them into Order, and 

.^dc 
there will come out fcyj^^ae xjr— rftfwjr-^ii*«f +' 

idmx so. Where, iince the unknown Qjiantities x and 
y afcend only to two Dimeniions, it is evident, that the 
Curve line that the Point C defcribes is a Conkk Se£lion. 

Make -^ — ' "^ = 2p, and dieie will come out yy j^ 

^Pxy , dm , bd Ifdm a j-l c ^ o ^ 
-^^ + -7- y + T- *^ >— *• And thcSqtare Root 

being cxtrafied, y -= ~ a? -4 — r + 

' ^ / ' g^ "~ 

l/PP ■ ^'^ . P^^*^ . bdm ; ddmm 

LJ 

Whence we infer, that the Curve is an Hyperbola, if -p 

Jbe Afninativfi pb Ncgaitive and not gicatei than ^ ; and 

Z2 tPt« 
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« Paralola, »f j^ be Negative and equal to ?^ . an El\ipfe 



u fl 



or a Circle, if — U both Negative and greater than ^. 



Q;EI. 



Problem LIV. 



To defcrihe a Parabola wbkjj fiall pafs through 
four Points given. [Vide Figure 75.] 

I^Jri^^^S'^'J?" Poi",te be ^, B, Q D: Join ^^, and 
/ bifea It in £. And through E dra^v r£, a rieht Line, 
ich conceive to be the Diameter of a Parabola, the Point 
r being Its Vertex. Join ^C; and draw DGparaJlcJto 
AB, and mceaiig ^C m G. Make AB^m, AC-b, 

and &omP draw ?i2 pmliel to -^g, and conceivings : 

An5^^\*^°*™ °/ ^''^ »'"*^^* 5 make ^Z* =4;, PO-1: ^ 

^m^'?T^D^""'°? '^^'^'"' °f «» Parabola, whi^le- ; 
termmes the Re lation bet ween AP and P a As that v ii 

ingjui the affum d itquation o for x, you'll have ,-t± 
Vgg, that IS, = e +£. The greater of which Values oft. 
foi!-'=°' thele&r,_£'=_^g, orto-^. Thtm' 

And fo in room of the. affum'd iiquation you'll bi^;?!!.!! 

J taUs upon C you'll have again FO-o. For *• there- 
fore in the laft ^Equation write AcSV, and for y ^ce 

Ojandyou2niaveo==--|4+/i4.v^i77T)5T^ or^ 
T^^fr ''^f f " 4- A* ; and the Parts being fquSr'd —dfi 
±&F''^^.°'fflrf''-=b. And fo,%\oomof £ 
aflum d ^Equation, thert will be had this ' , i 4 4. fx 

Moreover, if APotxhe made = AG or r. P O or » 

I^?>c'=""^^°'-''- Wherefore, for «a»jfStli 
Mtt Jiqaation wnte t and — <f, ^ you'll hare .— i — — 

X . ■ 
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|4 4- fc — \^iM4 + ffbc — fac, or ^d'^i^fcz:^ 

\^^ 44 '{'ffbc — f4c. And the Parts being fquar'd, — ai 

-^f4C-t dd'{'2dcf'\-ccffz=:ffbc — f4c. And the £- 

2d dd^^dd 
qnation being order*d and rcduc'd, //= / /+ 7 . 

Vot b-^Cy that is, for GC write i, and that iEquation will 

become //=^ /+ — j-~^ ^^ ^ R^^ ^^^"8 c^c- 

« , > d , jdde + ddl'^4dl • ^, . 
traaed, f:=:j± {/ ^jj^ • But / being found; 

the ParabolickiEqmtion, wjc jr = — f ^ + /* ± 

yi44^ ffbx — fax will be fully determined ; by whole 
.Conftrudion therefore the Parabola will alfo be determinV). 
The Conftru6lion is thus ; Draw CH parallel to BD meet- 
ing O G in H. Between DG and DH take a mean Pro- 
portional D if, and draw E I parallel to CK, bife£iing jiB 
in Ey and meeting DG in A Then produce IE toVj fo 
that E^lhall be to ,£/;:£5j: i?/j — Ei?^, and f^ 

will be the Vertex. VE the Diameter, and -^tr^ the Lmm 

VE 

^eSttm of the Parabola fought, 

Problem LV, 

To defcrlbe a Cgnick SeSion through five Points 
given. [ Vid e Figu re 7^.] 

LET thofe Points be ^. B, C, D, E. ]oin -rfC, BE^ 
cutting one another in H Draw D I parallel to B £ 
ana meeting AC in I. As alfo EK parallel to ^C, and 
meeting D I produced in K. Produce ID to F, and £ j^ to 
G;fothat ^HClhaIlbe:Bfl£::yi/C: FID::EKG 
: FKD^ and the Points F and G will be in a ComckScfli- 
on* as is known. 

But you ought to obferve this, if the Point H falls be-i^ 
twcen all the Joints A^ C and B, E, or without them all^ 
the Point / muft either fall between all the Points /*, C, and 
^1 Z>, or without them all ; and the Point K between all 
the Points D, F, and E, G, or without them all. But if the 
Point H falls between the two Points A, C, and without 
the other two 5, £, or between thofe two S£, and with- 

ooe 



out the other two A C, the Point / ought to fall between 
two of the Points A C and F, 2), and without the odiet 
two of them ; and in like Manner, the Point K ought to 
fen between two of the Pointt D, F, and £, (?, and with- 
out ^it of the two other of them i which will be done by 
taki^ /F, KG^ on this or that Side of the Points /, li ac- 
eosding to the Exigency of the Probleoi. Hairing found th 
Points F and ff, bifed ^C and £ G in iV and O ; alfo B£, 
FDin L and M, Join J>JO^ LMj cutting one another in 
R ; and I, iff and NO will be the Diameters of tbeConick 
Sedion, It its Center, and BL^FM^ Ordinates totheDhn 
meter LM. Produce LM on both Sides, if there be Occafion, 
to P and j2, fo that BLq ihall.be to FMa : : PLJH : PM^ 
and F and jg will be the Vertex's of the Conick Se£&o, 
and F j2 the Utut TrdnfverfHm. Make PLOtLBqr* 
fQ :T, ml T will be the Ldtm ReSitM. Which being 
luiown, the Figure is known. 

^ It lettains only that we may ifaew how £ i!^ it to be 
Modiic'd eadi Way to F and j^ fo that BLq maybe: 
FMf::P LJS^ :pMi2 , viz.. F/ij^, or F/^xtJ^ijJ 

?«— LiSxPU4-LieiforPLisP«— L^ and L gtf 

ItQ^^LR^ or PR+LR. Moreover, PR^LR^ 
PR-^-LRy by multiplying, bec omes PRg ^ LRg.^ 

after the fame Manner, PMq is pg^J^RM x PR-^RM^ 
or PRq—RMq. Therefore BLq : FAf^ ; : PRq-^ 
LRq I PRq^^RMq j and by dividing, B Lq^FMf 
VAiq I iRMq-^LRq i PRq---RAf^. Wherefore fin« 
there are given BLq---FMq^ PMq and RMq-^^M^ 
there will be given PR^^R Mq. Add the given Q^' 
titf RMqj and there will be given the Sum PRq^ andcoD- 
fiBquenUy its Root F /f , to which Q^R is equal. 



Pro- 
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Problem LVI. 

To defcribe a Conick Se&ion which fiall pafs 
through four given PointSf and in one of 
thofe Points Jhall touch a right Line given 
in Pofition. X^ide Figure 77.3 

tE T the four gi^en Points be A^ B, Q D. and the right 
f Line given in Poiiti6n be j4E, which let the Conick 
ion touch in the Point A* Join any two Points D, C, 
and let DC piodac'd, if there be Occafion for it, meet the 
Taneent in £. Thiough the fourdi Pdint 2? draw B F pa- 
lallel to D Cy which fiiall meet the fame Tang^t in' F« 
Alfo draw D / parallel to the Tangent, and which may meet 
SF in /• Upon F^, J7/, produced, if there be Occafion, 
take FG, H/, o* foch Length as AEq : CED : ; AFq : 
BFG ::DIB: BIG. And the Points (1 and ff will be 
^1 a Conick Se6lion as is Jcnown ; if you only take FG^ IH^ 
on the right Sides of the Points F and /, according to the 
Rule deliver'd in the former Problem. Bifed BGyDC^ 
P H, in iC, L. and M. Join JTZr, AM, catting one ano- 
ther in O, ana O will be the Center, A the Vertex, and 
H Af am Ordinate to the Semi- Diameter AO ^ which be* 
ing known^ the Figure is known. 

P a O B L £ M LVII. 

To defcribe a Conick SeSion which jhall pafs 
through three given Points, and touch right 
Lines given in Pojition in two of thofe Points^ 
tVide Figure 78.3 

LET thofe given Points be A^ B, Q touching AV, B I>, 
I in the Points A and S» and let D be the common Inter- 
feaion of thofe TangenU. Bifea ABinE. Draw DE^ 
and produce it tiO in F it meets CF drawn parallel tpAB^ 
and i:)F win be the Diameter, and ^£ and CF theQrdi*. 
nates to [that] Diametei^. Produce DF toO, and onDO 
take Oiy 9, mean Proportional between DO an d £0, on 

thb Condieion, that M>AEif : CFq : iVE x VO^Oi 
; * :rF 



Ci7n 



: rF X rO + O f ; and r will be the Vcrtct, and die 
Center of the Figure. Which being known, the Figure 
will alfo be know w. But r £ is = W— O £ , and co nfer 

qucntly VE yc PO + OE = VO^OE xrO'\^OE^ 
VOor^OEq, Befides, bccaufc VO is a mean Proportio- 
nal Between DO and £0, f^O(j will be = DOE^ and 
confequently jrOq—OEq = DOE — OE^^D £ O. And 

by a like Argument you'll have TF x ro + O F = rOj — 
OFq^DOE-^OFq. Therefore AEqiCFqiiDEO 
:DOE — OFq. OFq is = EOq^ 2FE0+FEq. 
And confequently DOE-^OFq-^DOE^OEq -^iFEO 
^FEq = DE0'^2FE0---FEq. AndAEq:CFq:: 
VE0:DE0'\'2FE0 — FEq::DE : D£+2F£ — 

-=^. Therefore there js given DE -^ 2FE ^ -«—. 

Take away from this given Quantity D£+2F£, and 

there will remain -~^ given. Call that N ; and -j^ 

will be = £0, and confequently EO will be given. But 
EO being given, there is aMb given ^O, the mean Piopoi* 
tional between D and EO. 

After this Way, by fome of AmlUnims Theorems, thcfe 
Problems are cxpeditioufly enougli. folv'd ; which yet may 
be foIv*d by Algebra without thofe Theorems. As if the 
firft of the three laft Problems be proposed: \yiieFigftre 78.] 
Let the five given Points be A^ B, C, D, £,. through which 
the Conick Se&ion is to pafi. Join any two of them^ A^ C^ 
and any other two, B, £, by Lines cutting (or interfeaing) 
one another inH. Draw DI parallel to ££ meeting AC 
in / ; as alfo any other right Line KL meeting AC in K^ 
and the Conick Sedion in L. And imagine the Conick 
Se£Uon to be given, fo that the Point K being known, there 
will at the fame Time be known the Point L y and making 
AKz=ix^ and KL:=zyy to exprefs the Relation between a: 
and y^ aflume any ^Equation which generally exprefles the 
Conick Sedions • fuppofethis, d'^-bx-^cxx-^- iy-^-exy 
"^ryy-sio* Wherein «, b, r, rf, f, denote determinate Quan- 
tities with their Signs, but x and y indeterminate Quan- 
tities, NoW^ if we can find the determinate Quantities 4, 
J, f, J, f, the Conick Seflion will be known. If therefore 
the Point L falls upon the Point A^ in that Cafe AK aivl 
KLy that is, ;r an^.;, will be cv Then all the Terms of the 

i£quation 



iSqaatipn befides 4 wil) vaniih, and there will femain^s-S* 
Wheiefore 4 is to be blotted out in that jfiquation, and the 
other Terms hx + cxx + dy + ^-^T + 77 will be — : o. 
But if L fiills upon C, j4Kj^ or x^ will be *= y^C, and £ JC 
or;r,=: 0. Put cherefiKe -^C= f, and by fubflituting f for 
AT and o for jj the ^Equation for the Curve bx + cxx-^ 
dy -^txy-^yjzsO^ will become tf-J-^/frsO, or t=: 
^--r/. And having writ in that Aquation .— c/ for t, ic 
Will become -^cfx-^ cxx + dy +€xy -^yy^szO., More- 
over, if the Point L falls upon the* Point 5, ^iT or * will 
htzczAHy 2Lt]d KLGxyz=BH. Put therefore ^ //=£,' 
anil B fizzzh^ a»>d then write ^ for at and i for jf, and the 
Equation ^^c,fX'\'CXX^ Sec, will become ^^cfg-\- egg 
'¥dh+ egh+ ibA — o. Now if the Point L falls upon 
E, -r^^ willbe :=zAH, oxxszg, and ^L or^ =«£. 
For HE theicfoie write — k^ with a Negative Sign, becaufe 
HE lies on the. contrary Side of the Line A C, and by fub- 
flituting g for « and — i for jr, the ^Equation — ^^a: + 
ri-*, ft% will become ^-^ efx + cgg — dk — egk'i'ki 
= 0. Take away this from the former .Equation — cfg 
"^ ^£& + JA + egh -r hh, and. there will remain dh 4- 
e^i&-^- fcfc+ ji + f^i— H=ic, Divide this by i + i^,' 
and there will come out d + eg'{' h — i=:0- Take away 
this multiply'd by h frotti — cfg-^^cgg-^dh-^-egh + bb 
= o, and there will remain — cfg + egg + ib i = o, or 

h It 
' — ^-7- = c. Laflly, if the Point L falls upon the 

Point D, /4K or at will be = ^ /,. and JTL or ;f will be 
== /D. Wherefore, for ^4/ write w, and for /D, », and 
like wife for ;v and jr fubftitute m and ;f, and the ^Equation 

— cfx + cxx^ 8cc* will become — r/w + ^»w + <^^ + 
emn-^nn:z::C* Divide this by n, and there will come 

outr:£^2±l!^+i + e»^ + »=:0- Takeaivayil + 
eg^ h'r'k:=:Of and there will remain i — 

+ ei» — f^ + if — ib + jf =0, or *— ^ fi'^b 

+ i =r f ^ — f w. But now by reafon of the given Pointi 
A B, C, D, £, there are given AC^ AH, At, BH, EH^ 
D /, that is, /, g, my b,i, n. And confcqucntlf by the it* 

A a quatifQ 
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ly tlic jfeqaatioh - ^^^^ ^^^ h -{- i = e^— ew 

«*rc is glvcA ^1 — e >». Divide tMs givcrt Quantity by 
the glvtn (ftiifc I — «, and there wffl come out tht given r. 
Which being found, the Equation il + e^ + fc — * e=o, 
tixdz= *"*— » — ^f, ''^iB give d. Ahd theft being known, 
tiieie win at the fartit Time be detcrmin'd the iEquatbn tt- 
^rORvt of the Conicfc SfeSibn fought, vit. cfx = c * 4- + 
4y '^t^j + y). At^d from that jBjuatten, by the Method 
t)t btt CArttSy the Conick Seflion Will bfe determin'd; 

Now if the four Points A, B, C, E, and the Poficion of 
the tight Line AF, whkh touches the Cbnick SdSion inoflc 
t)f thofe points, ^wcre gi?«i, the Cbnick Sedioft may be 
thus more eafily detfcrmirfd. Having found, as Aow, iSlit 
Equations ci\:=:,tkX^ d^^txy^yy, it±k^%^ei^ 

juidvar: — — % conceive the Tangent y^iF to meet the 

tight Line Eli in F^ and then the Point t to fcc moved 
aiong the Ptrimeter of the Figure CD^£ till it fail upon the 
Points ; and the ultimate Ratio ot LK to AK Uriflbc 
' the Ratio of FH to AH, as will be evident to any one 
that contenlplates the Figure. Make Ftizizp^ atad in this 
Cafe where LK^ AK^ are in a vanifhing State, you*D have 

p:g::y:x^ ox^z=:x., Wherefore for at, in the Mq^ 
tion c^fxt^cxx + dy^exy + yy^ write ^, and there 
Wiilarife'-^=:^-fi:r + -^^ + yj. D^vHe all 

btt: ^nd thei* wili Cbme but ^=^-^4-^ + -^ 
^ ^* P PP ? 

4-y. JNoW becaufe the Point L is fupposd to fallupo" 
the point A, and confequently KL^ or t, to be infinltdv 
fmall or nothings blot out the Terms which are multiply'd 

by y, and there will remain —^ — </. Wherefore make 
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Nving fi)un4 c, rf% wd r, die jfouaiian c/^=;r««-ir4jf 
^.ex"} H" J'J' w^ determine the Conick Scflion. 

If, laftljr, there wc only given the three Points ^,.B,^ 
together with the Pofition of the two right Lines -/4T, tl^ 
which touch the Conick Se£UQn \j[i • two of thofe Pointi, A 
and C, there will be obtained, as above, thif ifquation tj^ 
peffive of a Conick Seaion, tfx c;p ^ ^ * + <<7 + « ^J^ + J';* 
\yidt Tignrt 8c«} . Then if you fupjxjfe the Ordinate Jf h 
to te parallel to the Tangent A T, and it b^ conceived to b^ 
produced, till it agaiii meets the Conick Se^on in Ai^ an^ 
that 1-inc hM to approach to the Tangent AT till it coin- 
cides with it at /i the ultimate for evjinefcent] Ratio of 
the Lines KL anci KM to one another, will be a Ratio of 
iSqaality, as will fippear to any on? chat contemplates tHnp 
Figure. Wherefore in tlut Ofe KL and KM being equal 
to each other, that is, the two Values of.y, (z/i«i. the Af- 
firmative one KLy and the Negative one KM) being equal, 
thofe T^rms of the iEquation Ccfxzzzcxx-^dy-^^ ixy + 
jr7) in which jjr is of an odd Dimenfion, that is, the Terms 
dy -^txj in refpedlof the Term jj^ wherein^ is of an 
even Dimeniion, will vanifli. For other wife the two Vilr 
lues of jf, viz^ the Affirmative and the Negative, cannof be 
^quai ; and in that Cafe ^ A! is infinitely lefs than L JT, 
;that is ^ than 7, and cQnfcqoently the T^rnwyy tbaq the 
Term J J. And confequently being infinitel^efs, mav be 
reckon'd for nothing. But the Term iy^ in le^d of th^ 
Term yy^ will not vanilh as it ought to do, but will grow 
fo much the greater, unlefs i be fuppos'd to be notniflg. 
Th^efoie the T^m dy is to b? ]b}otted ovit, and fo.tb^ 
will remain cjx zzicxx-^ txy + ji jf, an ^Equation expref- 
five of a Conkk Se<9ion« Conceive now the Tangents AT^ 
CTj to meet one another in T, and the Point L to come to 
approach to the Point C, till it coincides with it* And the 
ultimate Ratio of KL to KC will be that of AT to AC. 
KL vfMy ; AK, x ; and AC, f; and cohfequently KC^ 
/— flf ; make AT:=zgj and the ultimate Ratio of y to 
f — *, will be the fame as of g to /. The itquation efx 
iszcxx^exy-^yy^ fubtraSing on both Sides cxx^ be- 

votty egcfx-^ cxx:zztxy'\'yyy that is, / — x intocxzsiy 

into ex '^^y. Therefore y :f — x :: ex: f*+jf, andcon- 
fequently ^ : / 2 : r a: : r * + y. But the Point L falling up- 
on Q jr becomes nothing. Therefore/ : f: : f*:e;r. Di- 
vide die latter Ratio hj Xy and it wUl become ^ :/;;;r tr, 
" • . A a 2 and 



and -^ ^el Wherefore, if in the iEquation cfx = cxsi 

^ ■ cf 

+ e«jf+jfjf, youwiitc for r, it will become r/4r=:cxt 

•f" - •^J' + JJ'i *" iEquatiori expreffive of a Conick Sefli- 

g 
on. Laftly, draw i)H parallel to JKTL, or AT, from the 
given Point S, through which the Conick Seftion ought to 
pafi, and which (hall meet AC in H^ and conceiving KL 
to come towards B H| till it coincides with it, in that Cafe 
AH will be =;r, and BH=zj, Call therefore the given 
AHszWy and the given B Hzszn^ and then for^r andjf, 

in the ^Equation cfx^zzcxx + ~ ^J' + T T* write m and 

^ cf' 
«i, and there will arife cfm :=zcmm 4 — mn'^-nn* Take 

jaway on both Sides cmm -|^ -^ mn^ and there will come 

out efm^^^cmm-^-^ mnzsinn* Put /— w — '— =;, 

g . g 

and am will be ^fifi. Divide each Part of the JEqua- 
tion by / irii and there will arife e = — • But having fi>und 

r, the jC^uation for the Conick Se£&on is^determin'd (cfx 

cf 
^cxx-V— xy +77). And then, by the Method of Dts 

OtrtiSf the Cooick Se£Uon is given, and may be defaib'd. 



Pro- 
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Problem LVIU. 

flavin^ given the Globe A^ and the fofition of 
the Wall DE^ and BD the Dijlance of the 
Center of the Globe B from the TTally to find 
the Bulk of the Globe 5, on this Condition^ 
that if .the Globe A^ (w ho fe Center is in the 
Line BD, which is perpendicular to the Wall^ 
dnd produced out beyond B) be moved in free 
dbfolute Space^ and where Gravity cant aif^ 
with an unifbrm Motion towards D^ till it 
falls upon [^or firihs againjf] the other qui- 
efcent Globe B ^ and that Globe 5,. after it is 
rejleUed from the Wall^ fi) all meet the Globe 
A in the given Point C. [,Vide Figure 81.3 

LET the Velocity of the Globe A bcfwe Refkaion be 
) 4, and by FrMem 1 2. the Velocity of the Qobe A will 

be after RcflefiUon s= — rri>"j *"^ ^^ Velocity of the 

-/i + Zi 

Glolie J3 after Re^sdion will be = 4^5> theiefoie the 

Velocity of the Globe A to the Velocity of the Globe B is 
as A-^B to 2A. On GD take gDz:;:GH^ viz» to the 
Diameter of the Globe J?, and thofe Velocities will be as 
GC to Gg +^Ci R>r when the Globe A ftruck upon the 
. Globe By the roint (7, which bping on the Surface of the 
Globe 5 is moved in the line AD^ will 'go through the 
Space Gg brfbre that Globe B Ihall flrike agabft the Wall, 
and throi^h the Space/ C after it is reflected from the Wall ; 
thatiSy through the whole Space Gg'\'gC, in the fame 
Time wherein the Point F of the Globe A fliall pafs through 
the Space G Q fo that bodi Qobes may again meet and iWke 
one another in the given Point C Wherefore, fince the In* 
tctvalsBCand CD ate given, make BC=w, BD-^-CD 
f=:if, aodSGssAT, andGC will be = w 4- at, and Gf + 
iCsGD + DC— 24D.ss:Gl?4-B/? + DC— 2G// = 
A + ii— •4A'. or sa#*?r*3'« Above you had^— B to 
a^ sn the velocity of th» Globe A to the Velocity of tlie 

Globe 



Globe S, and the Velocity of the Globe ^ to the Velocity 
of the Globe 5, as (? C to Gg-^gQ and confequcntly A 
— B tpz^y ^sCC to Gg-^-iC; therefore finceGC is = 
m-^^x^ ml Gg-^gC^n — ^XjA — 5 will be to 2 -/< 
as w Hr ^ to 0-^ ^x. Moreover, the Globe A is to the 
Globe B as the Cube of its Radius ^F to the Cube of the 
others Radius G B ; that is, if you nuke the Radius AF to. 
ke X, as ; ' to x^ ; therefore / « — *. jr ' : 2/' ( : : -^— B 
z %A) s- : w •+• «v : II •— 3 *• And multiplying the Means 
and Extreams by one another, youll have this ifquacjon, 
j'» — 5/';r— »*' -+• 3^*55: 2w/* + 2i**» AndbyRe- 

doOion ?**— »*^— 51*^ '*^i['/J aso. FromtheCon- 

Srudion of which jEquation ijiere will be given x^ the 
Semi-Diameter of the Globe 8 ; which being ^vto^ that 
Globe is alfo given. Q E. F. 

But note, when the Point C lies on contrary Sides of the 
Globes, the Sign of the Quantity 2m mull be chang'd, 

and written jat* — njr' — 5/'*- +^'*^t=o.# 

If the Globe B wttt given, aitd the Globe A fooAt on 
this Condition, that the two Gk>bes, after ReAefiion, Sbovii, 
meet in C, the Qpeftion would be eafier ; ^iz». in the bft 
iEquation found, x would be fvppos'd to ifi given, and ; to 
be fought. Whereby, by a due Redufiion of that i£f ua* 
tion, the Terms *-* ^s^x + i'n -^a/'M beiiig tranilated to 
the contrgiry Side of die ^uation^ and e^ch Part divided 

by 5jr — ii + 2«s there would come out -i- 



i^^i^^M^^a-i^iV 



z=:s\ Where s will be obtained by the bate Buraflion of 
the Cube Root. . 

Now if borl? Globes being given, you were to find thf 
Point C, in virhich both wou)4 JEdl upon one. another a&ei 
Refleflion, the fame Jt^qu^tim by im iledndion wouU 

give mzn^H-^^x+ ?l!^- J thatis, »C=|Hj + 

I^C -^ X HD^^C pqr above, n ^^xMm s= C/ 

4-g r. Whence, if you take awa^ 2;e. or fi H!^-iheTC wiH 
xtnainn-^^xxzHg'^rgC. Tte Hauf wfecreor is j^n-^ 
i-x= I H^ 4- H^* Moreovir, -fiom », -orBD +CD, 
take away x^ oiBffj^ and there wfll lepoain ij^ ;r. or 



HD + CD. Whence, dice ^=i, yorfniwe ^. 



!!*'—«* * 



X»^T, or^l^-— — sr — iXHD-f CD. And tfaf 



flp* — »** i? 



Signs being diing'd, j — —- x HD-^CD- 

Problem LIX. 

Ijf ?«;<:> iSlok^Sy Aand B^ are join d together by 
a fmall Thread P^, and the Globe B hang- 
ing on the Globe A\ if /^fu let fall the Globe 
A, fo that both Globes may begin to fall ti>- 
gether by the fole Force of Gravity in the 
fame perpendicular Line 2 Qj^ ana then the^ 
lower Globe B, after it is refleSeJ upwards 
from the Bottom or Horiz^ontal flane FG^ it 
Jball meet the upper Globe A^ as fallings • in a 
cert/iin Point D , from the given Length of 
the ThreaJPQj, and the Difiance DF of 
that Point D from the Bottom^ to find the 
Height P jP, from which the upper Globe A 
ought to be let fall to \jaufe\ this EffeSm 
tVide Figure 83.3 ^ 

1^ E T #1 be the length of the Thicad P Q. In the Paw 
1 ^ pcndicular P J^R F, from F upwards take F £ equal to 
^K the Diameter of the lower Globe, fo that when the 
lowcB Point R of that Globe falls upon the Bottom in F^ 
its upper Point H fliall foffcfs the Place E ; and let £2? 
be tht Diflance through which that Globe, after it is i^- 
fleficd from the Bottoou ihall, t^ afcenditig, psft, befotc.it 
meets the upper falling Globe in the Point D. Thereforey 
by rcftfon df the given Difiance D F 6f die Point D firost 
the Bottom, and die Diameter £ F of tte inferiour Globe, 
there will be given their Difference D £• Let that=rK and 
let the Depth X F, or jg £, throiagh which, that lower Gbhi 
by falling before it touches the Bottom be ss^r, if k b« 
lu^iknown* And having found x. if to it you add £ F and 

'5, 
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P^l there will be had the Height PF, Grom which the 
upper Globe ought to fall to have the defir'd E^eS. 

Since therefore FQ^ i» -=4, and Q^E^=;x^ PE will tc 
s= 4 4" 'v Take away DE or fr, aiid there will remain 
PD^s,A'\'X — K But the Time of the Defcent of the 
Gl obe y^ is as the Root of tlie Space defcrib'd in falling, or 

^4 -J- ;ip — t, and the Time of the Defcent of the other 
Globe H as the Root of the Space defcrib'd by [its] fallifig, 
or y^y and the Time of its Afcent as the Diference of that 
Root, and of the Root of the Space which it would deioibe 
by filling only from Q^ to D, For this DiSerence is as the 
Time of Defcent from D to £, which is equal to the Time 

of Afcent firom.£toD« But that Difference is y:r— /*— i* 
Whence the Time of Descent and Afcent together will 

be as 2V* — \/*— t. Wherefore, fince this Time ii 
equal to the Time of Defcent of the tipper Globe, the 

v^4-|-*'— i will be t=z2'Vx^^^x — b. The Parts of 
which ^Equation being fquar'd, you 11 have 4 + ;r— *i=: 

^x — h'y^^Vxx-^bXj ox az=z\X'-^^Vxx — £;c;and 

the ^Equation being order'd, 4 « — 4 == 4 '^xx^-^hx ; and 
(quaring the Parts of that ifequation again, there arifes 
l6;r«— i g4;r 4- 44 ssi6:e.« — \6hx^ or dd^^zSdx-^ 

'j6bxi anddividingalJby8<«-— i6t, youllhave- -77 

04— lOP 

:=zx. Make therefore as 84 — i6h to 4, fo 4 to a?, and 
Voull have x or JQ^E. Q R I. 

Now if from the given jQ^E you arc to find the Length 
of the Thread P Qor a; the fame ^Equation 44 = 84 at— 
i6bx^ by' cxrra6t ing the a ffeaed Quadratick Rooc, would 

give 4 •= 4 * -— ^^16 « X — i6bx ; that is, if you take QY 
a mean Proportional between jQ^D and ^£, PjQ wDlhe 

cr ^ ET. Fo r that mean Proportional will be \^x ycx-^h 

QtVxx^b^} which fubtraSed from;c, or j^£, leaves 

£ r, the Quadruple whereof is 4 jt — 4 y/xx-^hx* 

But if from the given Quantities Q^ £, or Xy as alfo the 
length of the Thmad ? jg, 6r 4, there werefooght the Point 
D on which the upper Globe falls upon the under one ,• the 
Diftance D £, or i, of that Point from the given Point £» 
will be had from the precedent iiquation 44 = 8 4^ ^" i6i* 
by transferring a a and i6bx to the conuary Sides of the 

;f quatiofl 



£qtiatK)a with the Signs changed, and by diridiag the whole 

by i6jt. There will avife 7— ^-ssi. Makethoci^ 

^ lOJir 

fere as 16 jr to Sat — 4| fo /.to (^ and you'll have ^or DJE: 

Hitherto I have fuppos'd theGIoi)e8 ity'd tog^dier by a 

fmall Thread to be kt fall together. Which, if they aie 

let fidl at different Times connefted by no Thread, fp'that 

the upper Globe A, for Example, being let &I1 firfl, ftall 

defirend through the Space PT before the^ther Gbbr Urgins 

t^^fall, and from the given Diftanccs ?T, ?j^, ancU)£, 

you are to find the Height P F, i&om whirh the uppci Globe 

ought to be. let fall, fo chat it Ihall fell upon the inferior or 

lower one at the Point D. Make P Q^Hy DE^hy PT 

5= r, and QE = flf , and P D will be =4 4- Jt — t, aa a* 

hove. And the Time wherein the upper Globe, '- by failing, 

win defcribe the Spaces P T and TP, aod thi lower Glol^ 

by falHng^ before, and then by ie<-afcendii^, will defcribe the 

Sum of 44)C Spaces ^£ + £ Z) will be ast/P 7, V? D -i 

y Pr, and 2VS,£^VJilD I t hat M , aa the Va^ 

%^a^xL^h^^Vc, and 2V;t-- l/;r— fr, 'but the tw& 
faft Times, becaufe the Spaces TD and Of + ED arodcj. 
(fdh*i together, are equal. Thcrcftre \^a •4- *■ — h^-^Va 
^^ V»'^Vx'^ h. And the Pa rts feeing f cy^'d 4+^-^1 

^^c4-\;cx — ch s= 4*' — ^.V'a?*— Ir^f. Mabe j+e 
c: f^ and4 *»^ts £f, and b y a due Rediiaion4x-^f 4* J 

v^cf^c^ = 4V^A!;e-^t;ir, and t he Parts beki g <quai^3 

«e— 8f;r+ i6**+ 4^f+4^*+i6* — 4f X v^f7+7* 
s= f6« jr«-^ i6hx. And blotting out on both Sides* i6#Jir^ 
ftnd wnting wfor ee + 4f/, ai^ alfo writing n for ft#«^ 

i 6^ ~ 4c, yotfllhave by due Reduction 16* -^ 4e >C 

J^fTi^Ti a? » 4f •— w k And the Parts being fquar'd [you'll 

hay^ ^5»^f/*i* + 2«}6c*^ — liictfx --• i28reAr;i:4" 

0<'«0f *^i6rfe;i::ac»aAPX-^2A?i»«4*a9iV« And having 

<itder'd the jEquation 2%6cx^ 

+ 256^/ — I28cf/ 4.6^^^f 

'rT^i28^€ ;f* + i6cfc ^Z^MfM »o^' jBy the 0»tf 

*-H-li . +2IW» 

ftruai9nof which iEquation Af or J^E will be given, t0 
Which i^ you. add the given DiAances P jg an^ E f, yotfll 
have tlie Height P F, which was to be founi 
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--'--■ .5 ..PROBLEM LX. 

:lf.UUo-quidfcentiGlabesi\ the^. upper mc A and 

* '. the Unckr t^/f fi, dre ietfall at different Times , 
\ ', and the\ lower Globe hegbis to fall ^ih the 
; ' fanie Mom^^t. thai the upper one ^ ^ ^J f^ll^'^^g^ 
z • has defcrib'^'d the Space P T ^ to find the Places 

• tt, |8, which thofe falling Globes pall occupy 
^ , when their IfitervaLor pijiance nrX ^^ given. 
1 \QVide Figure 84*] 



» r 



SI N C E the: Dif|anccs PT, P jg, and xx Arc given, 
call tht firft 4;. the feconJ b, .the third r, and for P-Jr, 
or the Space that, die faperior Globe dcfcribes by. falling he- 
fore, it ccmeS ttf ^he Place fought *^ put x. Now die Tioiea 
wherein .the upper Globe, defdjibeg the Spaces PTj Pt, TV, 
'<iiU4 tlic.lQWfr caiethe Space Qxy^ff ^^ VPT; VPt, YPx 
rT-VJPT^v wiA-Vi2,X.: The J[attci;.twp of which Times^ 
fcecaufethe Globes by felling together defcribe the Spacei 
Thr and jg x , sTre* equal. When^fe ^Ifo the VPw^yPT 
Will be cquaif W'the VQjc* ^'^ ^^s = jt, and-P Tzzri; 
and by aWilig -^^'x; -or ^, to f /I, j^nd fubuacling J?^'jg, or *, 
fira^ theSum /. )86u.']l !h»vt> ^'x-=^ * + c *— K - Wherefore 

fubfti|iQtfngji.thefe, Jrou'Jl have .yAr— f^^ss \^xrtc — :lh 
A94fqi^ani^*te0thSide5;pf the JEquation, there will a^ifc 

x.'^A^^^ 2 ^'MiX hi^ + c— t. And hlottingj out./pn both 
Md^:xi^kni ps6fyk)g the ^Equation, ypu'll liwve i| + fc,— . ^ 
5=2^4;?.., ;^d., -bailing; fquarMth^ tjie Square o£ 

i*-^ fc-^y will be =^44.^^ and'that Square diviqedby 44 
Will be =i J^!' or 44 will be to W + t — <• as 4*-^ i^f is 
tV;e^; ' BuVfi'om"'*'* found, 6rP*, there is given the Place 
feiight, viz.* •'& of the fuperior Globe Tought. And by the 
Diftance 6i the Places, there is alfo given the? Place 6f the 
Jpw^ one ^.^ » ■ 

Aticf hente*, if you were to find the Point where the up- 
ar Globe, by falling, will at length fall upon, the Ibwex 
Orte j'by pyti;ing "the Diftance -rX = 0, or by extirpating c^ 
iiy,^ 44 irto /t'+h as 4 4- 1 is to x, or Pt, and thi Point 
TT will be that friight, . ; . 



•Cr.: 



And 



, Afli^^^^iprocajly, if. thj^J^<nt}t sr,,. or^* in wfcich^hc , 
uppcxsi* lQt>^ .t^lla ppoa the iiijid:?r opei^bjciiven, ,and ma 
arc to fiaJ. the Piacc T, which the lower PpiQti^ of, 'the i^'* 
per falling; Cilobe. poflefs'd, iir was then in,., wh^n the lowcx*^ 
GJobe teaan to fall j bqcaufe 44 is t® k -K*^ as 4 4:* is^^' 
AT ; or jnulciplying the- Kfcw? ' wd Extxeams tiogether, 44ic: 
== ^ tH 24* + bk^ and by due ordecing oF .^fc iEauitioiv' 
^^ =r 4.^ •?? T- 2 4 * — t b;i ' extra^ t he Square Root, and you^u \ 

have ^ =2r 2 Jp *— t — 2 /«V — 1 4r. Take thcKfore VTji^X W, 
mean Fropartion^l between /'^ and jgr, and towards ^K'! 
take. jf^T^^j ^, and r w^l bs the ^^oiqt you fcefc ' FpF 

^T T will be i= V'F^ X j^^, |hat is, — ^a: ^ * -r-r*l OTzi/ 
v^AiAT^ — tbx*y the douNe jyheteol fubtra^ed fr om* ^V— ^*,r 
or .fi-Qiij ..z£r — PJ2^ that is, from ./^ i2. + 2 jg-^r, leave? 

p^^ 2.r^, or pfT—t^Q^, that is;?*/:. - -• " ' ^ 

If, lafliy, the lower ctf th6" Globes; aftfer tfic uppferli^ 
f^ievi uptm phe lower, and the lower^' byr their. Sh^'^k opoiy* 
one another, is accelerated^ and the fuppj-iojr qne retarded, 
the Places are requir'd whbrc, in fallings tttiy&iD aftjaire* 
a Diflance equal to a given right Line. In the firft Place, 
you mufl feek the Place wliere the upper one falls upon the 
lourcrone ; then from the knowii Magnitudes of the Globes, 
as alio from their Celerities where they fall on each other, 
you. mufl find the Celerities they fhaU have immediately 
after Reflefliori, after the fame Way as in ProbL 1 2. After- 
wards you muft find t\\t higheft Places to which thefe 
Globes, if they were carry *d upwards, would afcend, and 
thence the Spaces will be known, which the Globes will 
defcribc by falling in [any] given Times after Rcflcflion, as 
alfo the Difference or the Spaces ; and reciprocally from 
that Difference aifum'd, you may go back Analytically to 
the Spaces delcrib'd in falling. 

As if the upper Globe falls upon the bwcr one at the 
Pointux, [yide Figure 8s ] an^ after Reflexion, the Celc- 
tity of the upper one downwards be fo great, as if it were 
upwards, it would caufe that Globe to afcend through the 
Space TT N ; and the Celerity of the lower 03ie downwards 
was fo great, as that,, if it were upwards, it wouid caufe the 
lower one to afcend through the Sp^ce t M ; then theTimes 
wherein the upper Globe would reciprocally defcend through 
the Spaces iVTr, iVC, and the inferior one through the Spaces 
A/x, MH, would be as VNtt, -VNQ-VMtt, VMHz 
and conftquently tUc Times whe»'ein the upper Globe would 

Bb 2 ruu 
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run the ^p^iH ifC^ and the lower one •sr H, niRhtild be m 
VNG^Vff-^, to ^MH^WMir. Makcthofc Timei 
e^oal, and thc%/i^(;— v^iV-r wUIbcj- y^H— VAfx. 
KsA^ moreover^ fince there is gi^en the Oiftance G H, put 
vrGJl^GH^mirH: And by theReduaion of thefetwo 
^joations the Problem will be folv'd. As if iti-jr h r= «^ 
iVx ^b^ G H^Cj 'jrG = x^ you'll have, according to the 
Utter J^oatioh, x^csz^H^ Add Mtt, yo«11 have 
AfA'sB^^ + r+.stf. To 7 (7 add AT X, and you'll have ^6 
iBib^x>> W hich b eing found, according to the fermer 

jEqoation. V'i + i— Vfr will be r=V^ + tf+ at — V4. 
Write c for44 - ^> ^d V/ fer ^"4 4*^1^9 ^^ ^^ ifiquation 
irHlbeVlF4>;y = i/g4-;c4-V/. And the Parts being 
fi|aar 'd h 4- y :^e4- x +/+ 3 ^^f'J'fXf ^ ^-^e^^/ss 
a Vtf' ^fx. fe r J— •e^^/ write jr, and you'll have 
pitt a i/</+ /«i and the Paittbeing fquar'd, ^jj ss 4e/ -f 

4f4r»tind |)y ScduOion ^ -*r 
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P R 6 B L E M LXL 

tf there are two Globes y A^ B, whereof the 
upper one A falling from the Height G, Jlrikes 
upon another hv>er one S rebounding front 
the Ground H upwards -^ and thefe Globes fit 
part from one another by RefieSion^ that thu- 
Globe A returns by Force of that Reflexion to 
its former Altitude G, and that in the fam^ 
Time that the lower Globe B^ returns to the 
Ground H'^ then the Globe A faUs^againy 
and firikes again upon the Globe J8, rebound-^ 
ing again back from the Ground ^ and afbtt 
this rate fhe Globes always rebound from 
one another and return t& the fame Pfaee : 
From the given Magnitude of the Globes^ the 
Fofition of the Ground^ and the Place G from 
whence the upper Globe falls ^ to find the Place 
where the Globes jhall jirike upon each other. 

tVide Figure 86.] 

> 

• 

T £T e be the Center of the Globe A^ and / the Gentdt 
i ^ of the Globe ^ i the Center of the Place G wherein 
tne upper Globe is in ittgreateA Height, g the Center of the 
Place of the lower GLobc whera it falls on the Ground, k 
.the Semi-Diameter of the Globe A^ b the Semi-Diameter of 
^the Globe B, c the Point of Contad of the Globes falling 

Son one another, and Hthe Point of Contafi of the lower 
obe and the Ground* And the Swifcnefs of the Globe A^ 
where it falls on the (^obe B, will be the fame which is g&- 
neratftd by the Fall of the Globe firom the Height ie^ and 
confequendy is as Vd e. With this fame Ceknty the Gldbt 
A oi^ht to be refleded upwards, that it ibay retmn to its 
fonner Place 6. And the Globe S ought to be refledod 
with the fame Celerity downwards wherewith it afcended, 
tint it may return in the fame Time to the Ground it had 
mounted up from. And that both thcfb nuy come to 
faft^ the Motioo of the Globes ui xefleding ought to be 

^ual. 
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)R|uaI. Bat the Motions arc compounded oF the Geleritiei 
and Maf^nitodes together, and cofijGeqaemly the Produfi of 
the Bulk and Celerity of one Gfobe will be equal to the 
Piodud of the Bulk suid Celerity, of the other. Whence, 
if the Produft of the Bulk and Celerity of one Globe be 
divided by the Bulk' of the other Globe, you'll have thcCe- 
lerity of the other before and after Reflexion, or at the 
Bnd of the Afccnt^ . and at the Beginning of the DefceDC. 

Therefore this Celerity will be as — ^ — , or fincq the Globes 

ate as the Cubes of the Radii as — r- -. But as the Square of 

this Celerity to the Square of the Celerity of the Globe A 
jaft before Refleftion, fo would be the Height to which the 
Globe B would afcend with this Celerity, if it was not hin- 
der*dl>y meeting the Globe A falling upoiiit^ to the Height 

ed from whfch the Globe B defcends. That is, as -de 

to.de^ or as ^q toBq^ or a^ to t^, fo that firft Height to 
Xj if you put AT for the latter Height erf. Therefore this 
fcMgbt, vizn to Which B would afaend, if it was npt hin- 

iefi^is^x. Lrt that be filT. TofJK:add/^, qrifl 

^.^ef^-r-gH ; that is, p — x, if for the given dH — ef,-^ 
p H you write p, and y for the unknown d e ; and you 11 

Imm: Kgrdz:-x-\'p — x. WheiKe the Cekrity of the 

Glpfce /?, when it falls from K to the Ground, that is' ^♦h^'» 
it falls througl? the Space Kg^ which its Centre \vouM'Jc- 

fcribe in falline:, will be as y,, jr +' p — x. But that 

tSlobie falls fiwin the Place Bcf td'the Ground in the fame 

tTime th^rthe Uppfer Globe A afc^ndsfrom the ^hctAce ti 

its ftteateft Height d^ox nn the othi^r Hand falls from J to the 

iPl4ce/^c# V ^"^ *^^" fince the Oeleritics of. falling ;Bodie$ 

•«re equ^My/augmbited in equil Times, the Celcrity.of ite 

p(Sh*>6 5/ by faUing to the Ground, will be augmented as 

-^m«:B as is the Kvbole Celerity whih the Globe A aeqoit^ 

by falling in the fame Time fpom d to e, or lofes by afcend- 

i'ing from ^ to d. Therefore, to the Celerity which die>Oobc 

'^ tas in rile •Pkce'iBir/, add the Celerity which tlie :Glofc^ 
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^ has in, the Place y4ce^ and the Sum, which is as V^f + 

fl^^, or y* + ^ , -Z;^, wUl be the Celerity of the Globe 
b* b* „ . 

B where- it falls on the Ground. Then the V* + 77 V^ 

"will be equal to ^~ Jr + p — ir. . Foi; ,^, write ^i 

and for — -.7 — ;, •— , and that jEquation will become t- 

' ' " * * . . . * 

— — — — • . ' • 

Vx-^ 1/— * + P» and the Parts being fquar'd, -^ * — i 

— X + 9, fubtra£l from both Sides - Xj . and multiply all ' 

ss ss 

into i/, and divide by rr — r/, and there will arife ;v = 

— if£ — .« Which ^Equation would have come out more * 

fimple ■ if I had taken - for —7-^ — , for there would have 

come out • ==«. Whence making that p— r fliall be 

p— f 

to s i^s s to Xy you 11 have x, or ed ; to which if you add 

ec you'll have dc, and the Point Cj in whkh the Globes Ihall 

fall upon one another. Q. E. F. 

Hitherto 1 have been folving feveral Problems. For in ' 
leamiiig the Sciences, Examples are of more Ufe than Pre- 
cepts. Wheifefore I have been the larger on this Head. An^ 
fome which occurred as I was putting down the reft, I have 
given their Solutions without ufing Algebra, that I might 
Ihcw that in fome Problems that at fii^ft Sight appear diffi- 
tult,. there is n6t always Occafion for Algebra. But'iiow it . 
is. Time to Ihew the Solution of ^Equations, For after a 
pTobknl is brdught to:an ^Equation, you muft extraft the 
Roots of that ^Equation, which are the Quantities that []an- 
fwer or] fatisfy the ProWem. . ^ . 
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Hoiv jEojiATlONS are tabe folvJ. 

AFTER therefore in the Solution of a Queftion you are 
\^\ COfne to an iEf uation, and that Equation is d/aiji tf^ 
aiic^ amd ordered j when jhe Qpntitics which are fuppos-d 
ffiven^ are really^ given in NuiTK)ers, thofe xNumbers are to 
m fubftituted in their room in the iJ^quation, .and ]fOtt'll 
luve a Numeral Equation, whofe Root being extracted will 
fsftitfy tlic Qucflien. - As if in the Diyifion of an An^ 
into five equal Parts, by putting r for the Radius of the 
Ci^cfe, q for th« ChofiJ of the Corapkmqnt of thi; pmpos'd 
Anglq to two right ones, and x for the Chord of the Cond- 
piei^ent of the fifth Part of that Angle, I had come to tbi^ 
iEquation, r* *-^<rrjr* ■+ ^r*« — r^^=:0. Vifhcre in 
anjr. purtic^fli: Cafc the Radius r is glveu> in Numbers, and 
the Line q fubcending the Complement of the given Angle; 
AS it HaditB were lO; and the Chord ;. ; I fubftitute xSa& 
Numbers in the Equation for r and q^ and (here corner out 
the Numeral ^pqmtion x^ — 5tpo*' ^ 50000*— 30000 
5=0, whereof the Root bcijig €Xtia6^ed will be x^ or the 
Line f^b tending the Complement of the fifth Part oi that 
given Angle. 

Si^ th^ Root is a* NutJihcr which, being fubftituted in the 

iEquaxipn tor the Letjter or Species Ijigpifying 

of the Kature ^^'^ Root, wiJJ make ail the Terms vaniih. 

of the Roots of Thus Unity is the Root of the ^Equation ;t* 

jt^ jfit^ation, •r- ^ '- -e* ( ^ Ai:t 4- 49A; ^^^o -^ o,. becayufe 

being. \yrit; for Jf it prgduges i — i-^tp •+■ 4; 
-Tr.30, that is, nothiog.. And thus^ if for # you write thp 
Nwi^er 3, or the Negative Numjbqr -,7. 5, and i» both 
CaiGbs ther^ wiU be paTodqc'd t^pthipg, the Affirmative^ a(i(} 
JMegative Terms in tliefe four Cafes deftrbyiiig oqeanptjbes; 
tjhen ^pqc any of the l^umbers written i;i the i^qptioii 
fulfil^.tljf; Conditign of .v, by makipg all the Terms of th« 
jEqu^tion tjogi^ther eqpal tonothipg,. aiiy, qf thenjiwillbf 
the Rpot of the i^uation. 

And that you may not wonder tha| the fame ^quatiori 
may havefeveral Roots, you muft know that there may.be 
more Solutions [than one] of the fame Problem. As if 
there was fought tlie Interfe^tion of two given Circles 5 
there are two Interfeclions, and confequcntly the Queftion 
adinits two Anfwers ^ and then the j£quation determining 

the 



dicJnteTftfiion wi!! have two Roots, wbereb? it d^raines 
both (Toints of]j ihe Interfedioii, if there be nothing in 
the Data whereby die Anfwer is ^mrmin'd to [only] ooie 
Interfedion. {yiii Figure 87.] iipd thus, if the Arch 
APB the fifth Part oi AP were t^ be found, thoueh per- 
haps ^ou might apply your Thoughts only to the Aich ApB^ 
yet the ^Equation, whereby the Qpeftion will be fblv'd, win 
d^tej^mine the fifth Part of all the Arch*es which ^re termi* 
nitcd at the Points Amd,B\ viz,: the fifth Part of the 
Afchci ASB^ APBSApByASBP^SB, md ^PBSAPBSAPB^ 
as weU as the fifth Part of the Arch APB; which fifth 
Part,* if yo^ divide the whole Circumference into five tqual 
nmPO, HR, RS, ST, TPy will be AT, AQ>, ATS^ 
A gt. Wherefore, by feeking the fifth Parts of the Arches 
whidi the right Linev^B fubtends, to determine all the: 
Cafes the whole Circumference ought to be divided' in the 
five points p, Qy X, 5, T. Wherefore, the ^Equation that 
will determine all the Cafes will have five Roots. For the 
fifth Pasts of all thefe Arches dmnd on the fame Datal and 
arejfoiind by the fame Kind of Calculus ; fo that you'H al- 
^ys ' fall upon the (ame iEquation, whether yotf feek the ' 
fifth part of the Arch -rf ? B, or* the fifth Part of the Arc^ 
As By 01 the fifth Part of any otherof the Arches. Whcnc^'; 
if the ^Equation by which the fifth Part of the Arch APB 
i^ jdetintnin'd, fhould not have more than one Rppt^ l^rhile^ 
by feeking the fifth Part of the Arch A SB we fall'upbii' 
that fame i£auation • it would follow, that thisgseater Arch ' 
would have tiie lame fifth part with the former, which isv 
lefs, ):^ediDfe its Subtenfe [or Chord] isexprefs'dby the fame; 
Rbbt of the ^nation, . In every Prdblenj therefore it it 
neceBaiy; that thi; Equation which anfweris fhould have a^ 
many Koots as thire are dif&rent Cafes of the Quantliy 
fetntht depending on the fame Data, lemd to b^tdetermin'^ 
bytlie fame Method of Reafoning. 
. But an ^Equation may have as many Roots as it has Di* 
meiifions, sJid not more. Thus the iCquatiori ;^^^^x^ 
— 19^^ f 4^^— 50 = o, has foiit Roots, 1, a, ^, — 5, 
but liot more. For any of thefe Ntmibcis wnt iti the At- 

Stion for x witt caitfe all the Terms to defiroy one ttno^ 
r as we have faid \ but befides thefe, there is no'Niim«» 
bet^-by, whofe Subfiitinion thb wiD happen. Moreovtr, tlit « 
Number and Nature of the. Roots^ wi}) be beft under Aobd 
Grom' ttie ijeneiation of the iEquatton.. * As if we wpuld 
know !u9w an ifi^aaliofi it generatedi^ wbofe.KMC» are 1, 

Cc ^ 
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t^ y and— % ; wc arc to.%>pDfc x to Signify amhiguw^f . 

thofe Numbcrt, or jp to bje 3= i^ '^^ "^qf ^? •*" =*=^4* ^^^ * ?^ ''**S» 
or which is the fame Thing, x — ijs=o, i?*-a— Q» ^ — 
a = C, and;r+;^=o; and mulii^Jying tbcfe together^ 
tnerc wW come out by thf Multiplicatiou.of?Af .^ i bv *i-^ 
•thb Equation ^«— 5;'p+23=o, which i$ of ttvo DinieQ- 
t^Vjij and has two Roots i and 2. And by the MdtipUca* 
tibnof thisbyjtf— 3, there will come out x ^ — ^^r^rrlr 
1 1 ;tf •— 6 =: 0, «n JEqwation of three DimcJjfions .aii4- j^ 
tn^j Roots ; which again multiply !<i by .ir*+ 5 bccopca 
4.* — jt ' — ift^X + ^P* ~ 30 =?:0v. f?! above. Sipce 
therefore this Aquation is generated *l^y ibnV Faflor^, x — j j 
X"^ 2y ^—3, * + Si continually mult^5ly'd by one ano^ 
tfiicr^ where any of the Faflors is nothing, Aat wMch is 
iniadeby all will be nothing; but ^vhete none of them is 
ftothihg,/ that which is contain d under thcip all cannot be, 
riotiiiqg." TTiat is, a:* — x^^-^i(^xx +a9X — JO catmor 
1^ ;= O^ as ought to be^ except in thtf^p tcnpr Cafe, where 
4f— I is.^jQ, or X — 2=^:0, or i9r*^S^^y w» i^Wjf 
«'rf f'^Oy. and thpn pnly the NuixAen; ly a, 3, aind -j- 5 
can.exhiblt x^ ot ,bc th# Roots of the JEquatipn. And jr/Wr 

Sjp reafon alike of idl^Aquations. FoTj^ire may it09pfmi 
to b^ generated by fucfb a MultifpJi^iqQiv altljio^^ in. 
tl^Qy yexy difficult to iepaiate the Fadoi;s j&om one' ano# 
tW| W is the fame Thing as to refolve the iEquatiqn.and; 
ejctrad its Root^* . Por tbe Roots being bad,, the Ea£tprs are - 
-hadalfo. . : . /:. 

. But the Roots are of tvvo Sorts^ Affiimuiftivey u in; thee 
Exan^le brought, 1,2^ and;, and ,NcgatiMPf ^***^^ -And 
of tbefe fome ^tc ofieii impoOible^ tWi ; ^^ tivo. Rao^. 
ot' tJicL i£quation xx^^2ax+ bb^iizo^ M^hich^ ar^ w.+z 
^^y$m^ibi and n •-* v 4^ «*«- j^t, arereai Twhen n^ js^roolnr* 
tkan <|!>t^ but when 44 i»}c&thiin ikf'i ihcy became limtiofo 
fible, becaufe then d^i'^kb wiU /beja Negftdive Qtiamtaty^ 
and the Square Root of a Negative i^nrity 1 dsimpoffiUe. 
For'eveqr ^dSilh Root, whether ii- be Afirmativ^ ariNa* 

fatixe, tf it be ff)fikH>lf ^ bgr it (elf, j>v(!i!duGes an A&mftiva 
(Havei; iherdbre ithat will be ism impo(S()letone i^cb >is m^ 
pndfice a .Negative Square. By tltie-famejAhgament ^ettiaaf/ 
condiod^ chat the jfqiiatiiDn x^ ^^i^x ^ ^x^^S^^o^km'^ 
caeirealRoot,'whioh)^ 2^ atidftwo.impoffifale ones i«Vv<-^X' 
abd i«^y«--2. For aloyof tfhdfc, a^ 1 -»h V***-%^, « •^»f#^l^. 
b&iog writ in fthe i£q«atiaR for ar, will niske>fluilits !Fennsi 
cj^rcv cw<i.aiwte»f bw >i.-i^ V-*^ a,^aBid;:ii.i-^%^ ^w^^^jnd 
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i^^fx^fl^le NiiroV^!!, ^acaufe ttey fyggoCc the Eitradioa of 

the Square Root out of the Negative Number — 2. ♦ 

■*-*Bm ir ismft, >tbkt the Roocs of iCquations fbooiA be <)£. 

tt^n- itiif>ofiifcl«, .m th^y ibi^old exhibit the Cafes of PfobteiM 

that^ «ie oTnmi lli^o(6ble as if they weie poffibte Ag if 

you^wexe to d«»riifine' rtie Imerftai6]ii<^ a ri^ht line a»4 

St 'Ovile^ and «di ibould pot tvfb Lettargfbr the K^diils ot 

th^K^le ADd^fhki^OUfaitice of the rig^ line fiom mOsti^ 

iei^< f ^t^^ ^(^flf y<Hl ))a\^ the ^Equation • d^fiirifig ' the Itmr^ 

<b»im; if % tHe Letter dea6ttti|^ ttw Dttanca of she ri^ 

Lid^ f/ofri tHe GifiHer^ you puc » ^IimN^ left diati ^ &« 

diti^/tfve Im^iliai6ii| Will be poffibl^; .hm- if ' it b^ greac^i 

ikipdSme ^^an(f ^h^-ffird Roots Of the jfiqtatioiH whkh d«I 

t«ntim^ tite ti/ilitfl4iKrieAtoi)6, duj^t to be either p4jiibl«<0l 

iiiifi^OibJe^ tM%teth€y ihay truly 4xpi«6 thei MsRtetA ^{^lAr 

»^i«rr^^9Si} Alidihui^ if theCi^CDiF, ahdAttElu 

Iit)A'i#C]f^f^ cm<oiie i^other in the Wum Q D^'t; F, *ari4 

till af^^ light likMfgiveh in Pbfftinn, afr .^f, youtet-ftll sIm 

l^^in^dicislm iC)^/ 2)&, £ i>y feelditg 0it 

Length of any one of the Perpendiculars, f&a'WmG at 

•eUgt^to bri il^tion ; disit iEquatioii, where th^ G^Ie 

•^ts^dhe. Etfi^ m fdur Pclkiits;' •Mil ha<re i^ur re»l RocM 

Whi^iwiU \k ttofe iFdUt Perpeiidicaliil»: Now, if the iU- 

^fb^'^ dhe Circle, its Qniter rediaiiiiri^ I>e dimiaiiUd ur* 

tiR'lAe P^trj^iinaiFflieetiiig; the Cif^k at length^oochet 

^ j^KpTe] 4lk^ft tiVb of the RecKte vvbieh exprefr shd picm 

^iiaculto'%i>it?€iPXn(nv (^iii(^i^^ v4tt b^ame c«. 

^^«^Ji, Akd ie'^tt^ircle be yiit^lmifSifhrd, fo thai k'docs 

"Wit toudi Aer^ElR^fy in the l^dim SJfv- bwt only ciAs ic in 

-flie '^bet tm^imiikC} I\ then oot c# th^ four Rooti^aioft 

^4i«iclrejqpi^dthb ]^erpeQdSe:ular« Et, fX^ whiobare 

' -Miff' Ix^ome^ iih|iM)(&bi&, wUI b^eoiiie, iog«tI)(efr • with^thofe 

^*^^|)^iedih.^ak^ii!ilipo{Iibk Atid after this- Way in all 

jliations; ^* 4fy fijiiigilienting or dcfninifhiiig thtis Tcfdm o£ 

the unequal Roots^ two will become firft equal and chea iiiv> 

pciflJMe. ' Aid*theneeitia, that ther Number of the^iiiA^f- 

fibic -Roots ii'alwaysfelren. • ?: ^ !t' » 

' But femetfme^ the Roots of ^u^ttbmi aie pofBtle^ 'whea 

'l9)e Sehemes txlifbit them as iiowp^ble. But this ^happens 

fy teafen of !^ilid Einiitatidnin >>thi^ Scheme, which doiSB 

•riot belong t^thcf- ifiqaation. ^We Fi^irr Spv] Asiif in 

'tlhe^ S^mi-Qrdef i*£)£, having^ given the DiametsF AB^ 

^mHhie GheM>w#^, -And having let fall the Per|>endiculac 

I?C, I was to find the Segment of the Diameter /iCj you tl. 

G c a . have 
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have _^ ss^C And^ by this iEquation. AC is exbi- 

biied a teal Quantity, wbeic the inlcrib'd Line i^D b. greater 
than the Diameter v^£:; . but by theSpheine, AC tmn be- 
come! impoffible, t^ in the Scheme the JUne AD U fup-, 
p09'd to be iiifcrib'd in the Circle, md therefore cannot be 
^ntcr titan the Diameter of tlie Circle ; but in the jJBjiu- 
tipn there is nothing that depends 'upon( that Condition. 
From this Condition alone of the Lines the i£quation com^ 
out, that ABf AD^ ^and ^C aife c<>HtifluaUr pt<H>orti€aia}. 
And bocaufe the iEquatl^n does not coptain- ^1 the Condi^ 
tionsof the Scheme, it ifinot necdTs^y that it fliould be 
bound to fhe Limits c( alLtheConditioua.: Whatever is 
nose yi the Scheme than in thei£quatipn qoay cpnflrain .that 
to Limitf, but not this* For which^reafot), wjien JEquati* 
ons fdt pF odd DiQienfions^ and conf^^u^ntjy qipnot Jiave 
all thi<rix Soots impoffible, the Schemes pfka fetLigiip to 
the Quantities'oa i^hich all the Roqcs, depend « which. 'tis 
impotSbk they can exceed, keeping i;^e fiune^^ndidonsfij^ 
rhe-&henm» . --:) >... 

Of thofe Roots ^tbat are real ones, the Affirmativ^j an4 
Negatiye^ones lie on c^ntwy Sides, pxteiid eontn^ : Wajfs^ 
4iitis, in the laft Scheme but one. by fc^kii^ the Ke^pendi^ 
cular,C(7,. you 11 light upon ar^ j£qmtion tt^t has twaAf* 
firmative Roots CG aid D f?^ , tcfi^g frqnjjtj^ P9i»t«? 
and D the fame Way.; jmd two Negative pQ^ EJ a»d fX 
tending ftom the Poiiitp £ and F th^^ 0|>pcrfit^ Vfaij^ Q^ tf 
in the Lbe AB t^r^ be given any )Ni^tf,Land the % 
of it P (7 exteiidlng^ {itom tW givm iM^tJo^ fome dt 
Ferpendicolars, as CG, be fought. ^ mre ifaiall light on ^ ^^ 

rion of ^ foor jRocts, PC^ PH, P7, scndP^. in^^^ 
Quantity fought fC^^^and thofe that; tend, frpm^tlie 
Ifeint P the fame Waji\yith PG, (^PJC) ,wiU i^ Aft- 
jnative,. but thofe which tend the cpnugiy Way (a&i^^, 
fO Negative. 

WikeiB .there are ooiie of the Roots cf the iSquation- im- 
pqdible, the Numbet of the Affirmative andlSleptive Rooci 
snayrbe knoMm from the Signs of the Terms of the i£qua* 
. )|4pn. por there are fo many Affirmative Roots as there aie 
Changes of the Si;i$f)s in a . contiiiuai Series from 4* to — , 
fljnd inatxk **-* to 4* 9 the. reft are Negative. As in the j£* 
quatiof) *^*^;c'— ip^T-rJ- ^99f^io,^o^'^hjatthc Signs 
of ti(e. Terms folio w tine aiKKher'ia tbis.Qxder^ + •— rt 
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+ i— , the Vwarions of the fecond *-fit)cn the ficfi; +, 08 
the fourth rj- from the third -— , and of the fifth ~ born 
the fourth 4'» ihe^^ that there are three AiErinditiTe' Roots, 
and confequently, that the fourth is a Negative one. Bujt 
where fome of the Roots are impomLle, the' Ru!e is of no 
Force , unkfs as far as thdfe impoliible Roots, which are 
iKicher Negative lior Affirmative, may be taken for ambi« 
guous Giles. T)jus in the i£quation x » + pxx + 3f p*— 
^,=so, thcf Signs' fhew that thmis^one Affitmative Root, 
aiid two Negpitiye ohcs. Siipfibfe x == 2>, or a? — 2 p = 0, 
and mtiltfply thk foirmer iEqiiatitMi* by thii, ie—ip szO^ 
and add piie 'Affiriliative Koormore to the former' ana 

JTQU'll have this. i£quation, ^'*-- px* +p/>A^«>t ^^' a? 

3' ipq:==:Oy wMdi ought to have two AfMfiVMe and two 
^tive Robes i ^et it has, if you reg^ the Change of 
the Signs, four Aiffirmative ones* Therje are therefofe two 
iinpcrffiUe ones, which for their At^igoity in the fi^met 
Ca(e leem to be Negative ones, in the latter, Affianattve 

But you may know almoft by this Ri;ik how many Koots 

ate inipofiftlc.' Make a Series nof Fradions, wholk Deno* 

minators are Numbers in this Progreffion 1,* 2, 3,4, <y&c* 

going on to die Number which iteUl be the fame as mttoS 

tke DimeniidAi of the iEqdadon \ ^hd the Nameratoiii the . 

lime Series of lumbers in a cbntrairv Order.' . Divide each • 

tf' the htM Fraaibns by each of; the former, 'and pKce the 

Iraaidns fhatcdnte out on the middle Terms of the iE^usl* 

Kbn. And uhder Uny of the Itiiddle Terms, if its S^uare^ 

ihdtiply'd intd i%e Fraffion Handing over its Head,i!i gteatei: 

than rhe Redatl^Ie 6f the tch^H^&x both Sid^s, ivliSt: tfalp 

S«i 4-/but if W be Ids, the Si^tf-^ ; but andir the firft 

md laA T^ib'^tai^ the Si^ ,4^;" And ther^ w!I(1)e as 

many impoflStile R6dts a* thMdait Cb«%t In ^Mr'Seiies of 

the inderwriHeli'SlgHs Fronf -^^^y and ^ to ^-^ m 

If you htfvethe jS^umon' x * r^ #J^^4f + 3 PHX — i =?: 0-l| 

1 divide the fecond pf the Fradions of thi/Seri^ ^'•^•ft 

tjc. 4. by the firft -^ and the third f by |he ftcond |^ and 

I place the |2f*atoM^hat cbife* out, t^* f aM f Upon the 

mean Terms ki the jC^u^tibn, as folbws j 
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Then, Bfcc^rfc the Sqoarc of the fecond Term' bxx muTti-r 

ipiy d into tfas. fitifiion ever its Head ^ vit., v^:^ is^ l«iib 

thanj jf)jf/f^jthc Rectangle qf the firft TWnt^ ' and thud. 
3PP '«, t p'^c^Ej the Sign — If ^4p^ the Terrf f^TA?*,, Biit. be-^ 
ca& ppVt'^iOhcSquaie ot.tbc thud TjeraVil/>p*y) auit. 
tiply'a into the Eraftioii 9vex.its Head j^ jf, jueater thaa n^ 
thing ^hd'thefcfbre mtK:h ggre^te^ th^sx t:^ jS^cgative Re6l- 
angle pp the iecond T^c^j^^ Wtbe,.1^ivi^ Jt 

place tl^.$ign -y ondei tbaA.tlUid Teroi. Jhev^ jiyndcr tl^. 
flrft Term jr' a»J die t^i| -^ y,; I .pbgei , t Jwi^5iga .+ . An4 
the tito^hanges of the underwritten Signs j which arc in 
this ^ies Af^iU + +; the 'on«' from 4- i^-^i an* tW 
othcf ^ikj^into.-fy ihfi;iy..ithgt thei9B;.is^fl.;twft iropoffib^fi 
Root^ ..,^n4:fhiBtfie,ipq^iafioii.;i?* ■f-4Vt*/i|r..4f>f r-^^s»JB( 

has tj^ unpofiyc .Rapt^ ,, ,.. jt \ — 4 W/HK 4-ft'^ ^»o* 
Alio the i£quation ;r* — data: — 3^;— 2=0 has.tvp^ 

tbird^!hy fbe i^Qond, afid the ^rtb by !^ t^vd; jiiye?:th«a 
Series^;^^|i44-/W he pl*c^ nponjtb^.i^i^^ ^X^ia8i4)f dp 
iEquatio^ib Jbm the %iaf^ gf , th^ focoq^ Tfrf9| whit^ii^' 
herie,nd;1ui^, mi^apIyM^f^.i^^q J^r8^(^;Q<(ef H^ jbm4 






^nothioa whic^^fsjet gxc^f^ ^han.f hi? Neg«H» 

Whefi^fire, vKlder the, !X^i0^. that i&rwaitting Ii^eris 
Itt t^^^fttjaon as ia. tb? /qprimt g^pappplf i^. andthvs 
fP**^ ^ff^'^e^Series qf the iin4^jn«^ril;tffn.5?ff»(T4rr^4-Hr^ 
^hei^^t^^Qpn^ (!i;<l|iiM«|ci(Wji^ RoC^ 

^Ji^nd after. tO? fkttit W« if ^ ^uawoft^^i'vr^ 4*^*+ 
4*V.^Z^*p-5'«-'^^.:f^ ' ^^ (W:piirf[*d tyr<^>WB^b|t 
ttootj»-%Prows.j':, ,r.,ic.-l .. » ; 1(1 ;; , . i 



Wl^re two or more Terms are at once wanting, under 

the firft of the deficient Terms you muft write the Sign —, 

under the fecqnd tbeSig^rtr^. ]iQ4e9 (h^thiid the Sign —«, 

and fo on« always uaiying^be ^igns^ except .that under the 

■ * ^ lafl 
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lift of tJx^eSf^t Tetnu youi muA always pUfx ^TjniriKit 
the X^na* jW«C;^i\ i)Oth Sides jche^ddfickoc TerowlMwE QMi« 

araiy Signs. As ift the iEqmtions K * *f *iii!l**°* 
fouTj, ^nd tbe Jatt^r two inapoflibk Roots. XhiH alfo the 
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haf iix ipipcOibJe Root*. , 

Bence^Cjf ^y be known v^%hu the Hnpo(&bIe Roott 
^ Among the, A|Sivxutiiiie ov Negacive one«« ; JRcsfri^ Signs 
qF die Xejrin^. ovcuf H^aul of the fi^>fi:iab'dc})a(igkig, JfCrn 
&t«r^ , tli9t ;|ic:r£ ^ many ia^pofiiUc. lAffirm^ri^ [Rp^sj ^ 
^lace aj!e' y?i^?Ltij(?ns x)f dica^jandfj naiy Neguxife oim 
9S tb^re aiiq Succ^fliooi ivitbau('Vafiat^QOi. * Tfiw^ in tfat 

JBqwdon>£-:^ U. 

able, viz.. -f — '+, by whicji it ia fhewn cbnt :a«c tiro 
UBpoflilpJie fiooiii the T^ermaiOvyer Head -^4ar^ 4^4^r ^ — 
h:x hayQ,,tli aJBPa -- 4- — •, which by two jfskhdant 
fifiW jthere,isp^ two Affirmative Roots ,* therel!^ ^Httre wiU 
Ik tw> unpipifihle Roots aioong the AffiriBative^oncatf Siixae 
dieidfore fhi^ Si^a of all t^ Teima of. the ^itatiofs 
T ~ + rf"^*-^* by ^ce Variatwm fliew ihaachcit ai« 
t*taee affirmative Ropta, and that the otbier cwio ajnr N^& 
tive, a^(^ that among the Affirinauve oiiei th^e ase twt» 
impoifBUe^ooeai it foUoivi that there ares, tw.. ohetme 
aSrmative Roor^ two n^ative onas, and tmo iapAffibfe 

ones. New, If the jEquatibn had tccp ^l ~4'^^^4«'-* 

^wL*"^ $J,'^4f=o^ then the Terms t)||gr Head of the Tub- 

fcribtd fQj:m<?r. Xcr»» + -^j !l»*. -^4^*-^4ap'v iy theii 
%ni thai dfli^'t change »-- and -^ (hew, that, one of the 
Negative Rac^ i$ impoflible i, amd; the Tenrts . over the for* 
mer underwritten varying Terms — 4*, va. — 2 * * — < * 
by their Terms not varying, — and — , ihew that one of the 
Negative Roots are impoflible. Wherefore, fince the Signs 
<f^iEquation4. — •-.— — ~ by one Variation ftew 
ucte is one Affirmative Root, and that the other four are 

Neg;uive; 
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Kegttivr, it fo]Iow9, theie is one Affirmative, two Neg^^ 
tive, and two Impoflible ones. And this is (b where there 
axe not more impoffiUe Rooa than what are difcovez*d by» 
the Ride preceding. For there may be more, although it 
feldom happens. ^ t- 

Moreover^ all the Affirmative Roots of any iEquation 
may be charig'd into Negative ones, and the Negative into' ' 

Affirmative ones, and that only by 
Of the rvanfmuta' changing of the alternate Terms [i. r . 
iiMs pf.JEqmtions. every other Term} Thus, in the JEqaa- 
- -- tion Ar'-^4^* -f4*'-*p2«\'*--5Af— 

'4 = o, the three Affirmative Roots will.be changM into Ne- 
gative ones, and the two N^ative ones into Affirmativts^ 
bjr changing only the Signs 01 ihe fecond, foutth, and fixtJi 
Terms, as to done hcifc, *" 4- 4^:* ^"J:** 't: 2*;r— 5 x 
«f 4 s£: o. TMt jEquation has the fame Roots tvi^ the for- 
mer, iinlels that in diis. , thofe Roots are Affirmative that 
were thcM Negative^ jUid' Negative here that_thcrc were 
Affirmatitef and the two impoffibk Roots, yffiidk lay luA 
there among the Affirmative ones, lie hid her^ among the 
Negative ones; fo that theft being fubducM, there remains' 
only one Root truly Netotfvfe.- ' 

- Thcrt lire atfo odier Ttanfhhitatiohs of i£qtiations whiicfa 
are of Ulb in divers Cafes. For we may fup^e the Roc^ 
of an ^£<|uation to be compos'd any how out^of a I&iown 
and an t]n)mowt> Quantity, and then fiibftitute what we* 
firppofe cquiv'jijent to it. * As if we foppofe the Root to hp 
equaltdtilt Sum or Difference of arty knqwn and^Uriltnowii 
Q^njityv ^Fbir, after thii Rate, we may at^meitt or di-' 
minifli the Roots 6f the ^Equation by that Imown Qoafiti-- 
ty^ or fubtrafl them firom it ; and thereby caufe that feme 
of theai tba^were before Negative fhall no«(r become Affir* 
mativ^,-or fome of the Affirmative ones bccpme Negative,; 
or alfo that .all ihaji become Affirmative or all Negative. 
Thus, in the iEqiiation x *.-=t* «'' •— fpt^j +49*'^ 5^=^» 
if t have a mind to augment the Roots by Unity, 1 fuppofe. 
*4-ite^, ora:=j.^i I and then for it I irAtkj-^i in] 
the Equation; and for* the Square, Cube, or Bimadiate of .. 
jr, 1 write the like Power of j ~. i , as fcHo ws ^ ^ 
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— igxx 

+ 49* 

— 50 



7^-r-4>'+ 6^J— 47 + 1 

— 1977 + 387—19 
+ 4?7~49 

' ; —30 



riWkM^ 



Sum j y-^ — 57» — iOjf;f4-8o| — p6=d* 

, - - * • • » 

And the Roots of thc^iEquaition th^t is prcduc'd, (^it.} 
> t— 171— loyj +;8o;^ ^.p6 =: 0,^.will be 2, J, 4-^*4. 
wliich tyctore were f ^^ ?f.T'r*5t *• <'^igg?r by Unity* Now, 
if for AT I liad wrhy + i^, thete would ^vc come out the 
^Equation >* 4- 57 ' — lO^j *— ■ ^7 + 443= 6, wbcreof 
there be tyrq AlHrraative Roots, f and if, and two Nega- 
tive ones,' -^ J attid — ^f • ^"^ ^V ♦'fritinp ;f — 6 for ^r, 
thete Axoufdhd.vk cpide out an :£quati^ \^olt Roots would 
have beenVvSi P, i. viz., all Affirmative : afld wridng fot 
the fame .[at] y t:^ 4, there would have come out thofe Roots 
diminilh'd by 4, viz.. — 3 *— 2 — j *- 9, all of them Nc- 

And rfter this Wajr, by augirtenttng 6t dimihffting'tftif 
Rl>ots,^ tf dfny of thein Jlr^^AnpoffiHe, 'thfey ^ill fomefiittei, 
bte *A6ire eaffily cieteaed this Way than bcfoite. 

Thus, ' in the jEqbatioB '^^ -^ 5 4if «• -r- ? /t 'as 6, thci^ 
Are'Ao iloo<»that app<a!^l<ttpolBibIe by the preceding Ralc|: 
b6t if yottawgtrtent; the ^ots by the Quantity i, Wriring' 
y ^-^^4: ibr .t^ ydu ioiay j)y that Ride Aiii^viBi 'two imfxaffibie 
Rootsir) the Mqu^tion j:efultitig, j^ — 3 4;fy «*— 4' rx o* 

By thfe fertieOpetatioh ybu may alfb talce atVay the tctond 
T^mift of:iEqiiaUons 4. iVhich will be done, if yoo iUsdlk'if^ 
the knewniQianrky ([or CQ-<flScicnt] of the fccond Tecm^ 
cf tbt j^^uation propos'd^ divided by the Number of Di-^ 
meofiohs {of the higheft Teem] o( the j^qtaatioot, fcoaxtiUi> 
Q«?mity * ' ^ v- .^ , r. ^ ,< 




4a:a: -1-4- - , . 

Quantity' [or Co^efficicin] of the feGOnd Term, xrliich is 
•^-4^ 4iyided by the Nomlr^r of the Dimenfions of the '&^j 
quatipr^ tki* Zs frocn khe Species [or Letter] which is af^ 
fuRi*d to fignify 'the new Root, fuppofe firom y, and' the^ 
Remainder y + ^ I fobfiitote foe x, «nd there comes out; 

• *_ ' ' * 

0d 3i5 + 






— 47J'— t J 



— , U • «— 14 . >5 



+ 4 J* + '/ 
— 6 



•mfmmmm 



= 0. 



> ^ « - • — 

, By the fame Method, the third Term of an iEquatiotf 
may be alfo taken away. Let there be propos'd the iEquation 
x^ — ^x^+'^x* — <^x — 2 = 0, and make x = j^e^ 
and fabflituting y^-^c in the room of at, these will a^ife 
this ^Equation j 

"'. ' — 2 

If he third Term of this ^Equation is^^e+pe + j njul- 
tiply*d by j> • , Where, if6«e49e + 3 wei:c nothing, 
yQu'd have what yoa defir*d. Let jps fyppofc it thacfojce to 
be nothing, that.we ijiay thence find what Nu(nbcc ought 
tp, be fubflitutqd in this Ctfc for f^ apd we Ihgli; hayj^* the 
Quadratick iEquatipri 6e< +9«?+^,~o, which /divided 
by ^ will become ,<? e + i-c + f 3= o, or. it— . — \t^ki 
andlextiadtng thc^Root e«s-*-f +i/-rir'— f> or:r:i-i| + 
VtVi that is, ~— i-f i^ and confequently equal<^2| 

Whence j — e will be either y + i,/ or y + i . iVWiereforc, 
fince^-^^e was writ for ^ 5 in the room of y— *f ^ there 
ooght to be writ 7 "^'f ^ <» > + 1 for x, that the third Termf 
of the ^Equation that refults may <be taken away. And 




tion, ;f^ +;>» — 4:^—12 = 0* 

Moreovfer, the Roots of ^Equations may be multip!y*d or 
divided by given Numbers ; and after this Rate, the Terms 
of ^Equations be diminilh*d, and FraSions and Radical 
Quantities fometimes be taken away. As if the ^Equation' 
werejf ^^^y^ i^ — q ; in order to take away the Fra- 
ftions, I fuppofe 7 to be = f «,^ and then by fubfli uting j* 

for 
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for jf, there comei out this new jEquatioH, — "* "^ "^ 

— =5: o, and having rcjcScd the common Denominator c* 

27 • «? ' 

the Terms, «i ' — 1 2 Jt*^ 146 = o, the Rooto of wjhkh A- 

quation arc thrice greater than before. And again) to di- 
miittfli the Terms of this ^Equation, if yoa write 2t/ for 
ft, there will come out 8^'' — ^^v — •! 46=1:0, and divid- 
ing all by 8, jotfU have v* — 3t/— i&i = o ; the Roots 
of which ^Equation arc half of the Roots of the former; 
And here, if at laft you find v m^ke %v = z*^ \^x=zy^ and 
y^^^^x^ and you'll have x the Root of the ^Equation as 
fiift proposed. 

And thus, in the ^Equation »^ — 2 « + 'V^3 = 0. to take 
away the Radical Quantity i/5 ; for a? I write j^f:^^ and 
there conies out the Equation jj^Vj— -a^fV? ■+• Vj-ssO, 
whichi dividing all the 1 erms by the V 3^ becomes 3 n ' — • 

2 J + I •= 0. , , 

Again, the Roots of an ^Equation may be changed into 
their Reciprocals, and after this Way the ^Equation may be 
fometimes reduc'd to a more commodious Form. ' Thus^/the 

laft Equation .3^ » — 27 + I = o, by writing ^ fi» 7> *«r 

comes ^—-4-1=0, and all the Terras being multf- 

ply'd by «, ', and the Order of the Terms changed, «,' — 
2 ^ :c 4- 3 = o. the laft Term but one of an ^Equation may 
alfo by this Method be taken away, as the fecond was taken 
away before, as you fee done in the precedent ^Equation ; 
or if you would take away the laft but two, it may be done 
as you have taken away the third. Moreover, the leaft Root 
may thus be converted into the greateft, and the ^reateft 
into the leaft, which may be of fomc Ufe in what follows^ 
Thus, in the ^Equation a:^— at* — 1^*^ + 49 ^~30 

;=:0, whpfe Roots are 3, 2, 1, — 5, if you write - for x^ 

I 1 '? I 49 
there will come out the ^Equation —^ T '^ '^ *» T 

~30t=:0, which, multidying aU the Terms byj^*, ana 
dividing them by 30, the Signs being changed, b^omes j * 

^l?-,5^-^^»4.1.t-- — =0, the Roots whereof 
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the grcateft of the Affirmative Roots :} 
_ n6irehange<)rinta.tiie.lcaft f^ and the kaft iibetnf:^ 
now made grearteft, and the Negative Root — ^, which of 
9^1 HKQs tfafi jvoi^ remote fiom. o, now comMig neaieft 
to it. 

' Tlktt are' aHb other Tianfinbtatioiis of ^JEqoations, hue 
which- may aH be petfbnnM after that Waoy of tranfmo- 
rating we husft fbewn^ when wp took awa^ l^ < third. Tenii^ 
of the iEquation^ • ^ 

Ftbm the Generation- ef ^tjuationa it is evident, that ther 
known Qiantity of die ftcond Term of tlie. ^Equation, IF 
ks Sig;n:bff changd, is equal to tieAggrej^ate [orStim] oF 
all tht Roots [added together], under tbek poper Si%m ; 
and that of the third term equal to the Aggregate of the 
Kedailgles of eacli- two of the Roots ^ that cf the fecath, if 
Itl^igli' b( dlttttg'd, is equate to ifae^ Aggrc^e of the €on^ 
ttntg tindiQteaeh ttvee.of ite Roots ;. that of the fifth is c-^ 
qtialto the Aggre^te.of the O^itents under each feui, and 
fo on dd infinitum. Let us affume flr = 4, Jir=:t, «=— r, 
^=±</, &c. OT a;.— ^iro, x— i=:o, «-l-f ::=:0, X'^d 
;zr o^ dnd hf tht continual MultqJkafion of thefe we may 
geherate i£qmtions a^ ab^^* Now, hj multiplying jr •^— 4 

hf »-^U thcBC wil^b« prodoc'd tbe^.fqnat^pn x» j *^ + - 

^fer^o;^ wJiere the known Quantity of the fecond Term, 
if its' Signs are changed, viz^ d'\-bj is the S»m of the two 
Rooi» 4 and ty and me known Q^ntity of the thifd lenii 
is tb^ 0i)lyi Rt6}angj[e contain'4 und^r both.' Again> by mul- 
fiplying this. Mqmtion by x -jlr c, theK will be {^uc'4 

-—4 ^ah 
thfiCubickiEquation x^ — t .^;r — ^c jr + ^*^==Of where 

ihe known Qjiantity of the fecQnd Term having its Signs 
jehang'd, vit. a.-^-h-^c, is the Sum of the Roots 4, and fr, 
and. — . f J the knofwn Quantity of the third Term>4 bp-^ac 
'^hc \s the Sum of the Redangles under each two of the 
Terms a ahd fc, 4 and ^-» r, h and -^ c ; and the known 
Quantity of the fourth Term under its Sign chang'd, — abcy 
is the only Conteitt generated by £he>c€Mmnual Multipltca^ 
tion of all the Terms, 4 by t into — c. Moreover, by n?u1* 
tiplying thatCubick Aquation by x^t^d^ thptc will be pro 
duc'd this Bi^twidratick one ,• 
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—<< +*«< 4«'* . 

Wlaere the Isik^wb Qjiantity of the iecond Term ancfer its 
Signs c|iang*(i, vk». d-^h — c + <i, ia the Swnof aU tha 
Roots ; that of the thupd, Ab'^ae'^be'^dd'\'bd'^€d^ 
is the Sum ojf the Rcdangks undes erery two ; that of the 
fbuith, ks Signs being changed, '^,4bc'{' abi^^kcd^-^ 
acd^ u the Suhqi of the CoB^ents under each Ternary ; that 
of the Bt^h^^^abcd^ is the only Content under them all. 
And hence we firft infer, that all the rational Root» of any 
jCquat^on that involves neither Sards nor Fiadion?, and this 
Ilc£tang)es of siny two of the Roots, or the Contents of any) 
three or more of themy are fome of the Integral Divifois QJT 
the lad Term ; and therefore- when it 19 evident, that thero 
is no Div.i(br of the laft Term, or Root of the iEqaation^ 
or ReSangle, or Content of two of more, it wiB alfo be 
evident that there is no Rpot, or Re^tangle^ or Content of 
Roots, except what is Surd. 

Let us fuppofe now, that the known Quantities of the 
Terms of [any} i£qi]teion under their Signs chang'd, are 

P» f i ^\ ^y ^ ^1 ^' ^^' ^^^ ^^ ^^^ fccond p, thut of thrf 
third f, of ihe fourth r, of the fifth r, and Co on; And the 
Sis^^of the Terms being rightly ofaferv*d, make p 24, pa 

+ 6'V rr f, and fo on dd infinitHnfj obferying the Series of 
the Progreffion. And 4 will be the Sum of the Roofs, b the 
Sum of the Squares of each of the Roots, c the Sum of the 
Cubes, d the Sum of the Biquadrates, e the Sura of the Qua*- 
drato-Cubcs, f the Sum of the Cubo-Cubes [or feth Pow- 
er] and To on. As in thp /Equttion ^"^ -— a? *^— ip^.r 4" 
49Af — 30 = o, where the known Qtiantity of the fecond 
Term is — i, of the third — - 19, of the fourth -f 49, of 
the fifth — 30 ; you muft make i == t?, 19 = ^, — 49 = r, 
30 = /. And there will thence arife ,a=z (pt=) i, & = 
(p4rf 2^3= 1+38=) 39» c = (p6 + ?4 -I- 3r =r 39 
19 — 147=)— 89, i<z=: (pc-4- jfr+ r4 + 4i =-^89 + 
v^ j^i .^49 -+• i20 5r) 725. Wherefore ciic Sum of tlie 

Roo^ 



Roots will be l, the Sum of the Sqtiaies of the Roots 39, 
die Sam of the Cubes — 89, and the Sum of the Biqaa- j 
dntcs 723^ vizm the Roots of that i£qnatibn are I9 2, 39 

and — 5, andtheSum of thefe i-|- 2 + 3 — S^^^ ^^^ 
Sam of tbeSquarep, l + 4 + 9 + 25, is 39 ; the Sum of the 

Cubes, I +8+ 27 — i2^,is — 89; and the Sumof theBi-t 
quadnteSy i -|- 16 + 81 •+ 6i%^ JS723. 

And hoice are coUefied the Limits betwedi which the 
Roots ci the .Equation fhall confift, if none of them is im* 

poffible. For when the Squares of all the 

Oftlfe timis Roots are Affirmative, the Sum of the Squares 

^ Mg^Mtina^ will be AflBrmative, and therefore greater than 

the Square of the greateft Root. And by the 
fame Argument, the Sum of the Biquidrates of all the 
Rooa will be greater than the Biquadrate of the greateft 
Root, and the Sumof the Cubo-Cubes greater than the Co* 
bo<^ube of the sreateft Roor. Where^ro, if you defile the 
Limit which no Koots can pais, feek the Sum of the Squares 
of the Roors, and extrad its Square Root. For this Root 
will be greater than the greatefl Root of the\£quation. But 
yOtt*Il come nearer the greateft Root if you feek the Sum of 
the Biqmdrates, and extrad its Biquadratick Root ; and yet 
nearer, if you feek the Sum of the Cubo*Cubes, and excra^ 
its Osbo-Cubical Root, and fo on ad, infinititm. 

Thus, in the precedent Equation, the Square Root of the 
Sum of the Squares of the Roots, or V39, is 6 j nearly, 
and 6^ is fanher diflant from than any of the Roots i, 
2, 3, — ^. But the Biquadratick Root of the Sum of the 

4 
Biquadrates of the Roots, viz,. V72?, which is ^ J nearly, 

comes nearer to the Root that is mod remote from nothing, 
tnz,. — 5« 

If, between the Sum of the Squares and the Sum of the 
Biqiadrates ot the Roots you find a mean Proportional, that 
• will be a little greater tnan the Sum of the Cubes of the 
^oots connecled under Affirmative Signs. And hence, tfie 
half Sum of this mean PropDrtional^ and ot the Sumof the 
Cubes coUefied under their proper Signs^ found as before^ 
will be grater than the' Sum of the Cubes of the Afllirma* 
tive Roots, and the half DiffereiKe greater than the Sum o£ 
the Cubes of the Negative Roots. And confequently, the 

freateft of the Affirmative Roots willbe Icfs than the Cube 
loot of that Semi-DifFerence, Thus, in the precedent $^ 
qoation^ a mean Proportional between xh^ Sum qF the Squares 

of 
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of the Roots 39, and the Sum of the Biquadnfes 72$,' is 
nearly 168. i^he Sum of the Cubes under their proper Sigm 
was, as above, —89, the half Sum of thift> and 168 is 
39 i, the Semi-DifTereiKe 128 $• The Cube Root of the 
foimcr, which is about 3 |, is greater than the greatefi of 
. the Affirmative Roots :}. The Cube Root of the kttei^ 
which is 5 ^ nearly, is greater than the Negative Root— 5.. 
By which Example it may be ften how near you .may^ comi: 
this Way to the Koot, where there is only one Negative Rpot 
or one Affirmative one« And yet you might come nearer yet^ 
if you found a mean Proportional between the Sum of, the 
Biquadrates of the Roots and the Sum of the Cubo-Cubes. 
and if from the Semi-Sum and Semi- Difference of this^ ana 
of the Sum of the Quiidrato-Cube of the Roots, you ex- 
trafted the Quadrato-Cubical Roots. For the Quadrato-Cu* 
bical Root of the Semi-Sum would be greater than the 
greateft Affirmative Root, and the Qpadrato-Cubick Rpoc 
of the Semi-DifTereiKe would be greater than the greateil 
Negative Root, but by a lefs Excefs than before. Since tbere^ 
fore any Root, by augmenting and diminiihing all theRpots, 
may be made the lea A, and then th^ leaft converted into the 
greateA, and afterwards all befides the greatcA be made Nc^ 
gative, it ismanifeA how [any] Root delired may be found 
nearly. 

If all the Roots except two arc Negative, thofe two may 
l>e both together found this Way. The Sum of tlie Cubes 
of thofe two Roots being found according to the precedent 
Method, as alfo the Sum of the Quadrato- Cubes, and the 
Sum of the Quadrato-Quidrato-Cubes of all the Roots : 
between the two latter Sumsfeek a mean Proportional, ^nd 
that will be the Difference between the Sum of the Cubp- 
Cubes of the Affirmative Roots, and the Sum of jche. Cubo* 
Cubes of the Negative Roots nearly; and confequently, .tlie 
half Sum of this mean Froporticna], and of the Sum of the 
• Cubo-Cubcs of all the Roots, will be the Semi-Sum or the 
Cubof-Cubes of the Affirmative Roots, and the Semi-Diffe- 
rence will te the Sum of the Cubo^Cubes ot tiie Negative 
Roots; Having therefore both the. Sum of the Cubes,, and' 
alfo' the Sum of the Qubo-Cubes of the two Alfirmativc 
Roots, from the double of the latter Sum fubtradt tiie Square 
of the former Sum, and th^ Square Root of .the Remainder 
will be the Difference of the Cubes of the- two. Roots. . And 
having both the Sum and Difference of the Cubes, ■ you ii 
have the Cubes themfelves. Extract their Cube Rogts, and 

you U 



^ I 



fou'li nc»rly have the t^o ABbmitivt Roots erf tli6 Mq^asL^ 
tioii* And if in higher powers you Ihotdd do the like^ 
yoo'il hare -the Roots ytt more nearly. But thefe Limita- 
tions, by reafon of the Diffi:ulty cf the Calculus, are of iefs 
tJk^ and extend onJy to thofc Jtquations that have noima- 

fiwwpy RootB^ wherefore I will now fliew how to find the 
iimts another Way, which is more eafy, and extends to afl 
£qaati(Mi#. 

Mo)ti{dy every Term <>f the .Equation by the Number of 
its Dimcnfions, and divide the Produfl by the Root of the 
^Equation ; then again multiply every one of the Ternis that 
come cm by a Ngmber Iefs by Unity thatn before, and di- 
vide the Produfl by the Root of t!ie iEquation, and fo go 
on, by always muftiidying by Numbers Iefs by Unity, than 
btiotty and dividing the Produft by the Root, till at length 
all the Terms are deftroy'd, whofe Signs are different from 
theSipi of the firfl or higheftTerm, except the lafi ; and that 
Number will be greater than any AffiTmnive Root ; which 
being writ in theTerms that come out for [or in room oHthc 
Root, makes the Aggregate cf thofe \vhich were each Time 
pioduc*d by Multiplication to have always the fame Sign 
with the firfi or higheft Term of the ^Equation. As if there 
vtfZB proposed the ^Equation x"^ ix'^ * — lo;^^ +30a;a: + 
63 ;tf — 1 20 == 0. 1 fufl multiply this thus ; 

•5.4. 2 2 I O Ti i 

»<_2**~iOAr^+3O^;e + 63;t~i20- Thenltgam 
multiply the Terms that come out divided by \v, thus ; 

-I4' olS -^^^^ -L xi^ j_ i^* And dividing. the 

Terms that come out again by ;v, there comes out 20 at' — ► 
24.1?^ — 6oAr + 60 ; which, to lelTen them, I divide by 
the greateft common Divifor 4, and yoti have <;c^— r6;t;* 
— - 1 «5 a: 4- J^ 5- Thefe being again multiply 'd by the Pxo- 
grelfion 3, 2, I5O, and divided by x^ becomes ^^xx-^^^x 
— «;, And thefe. multiply'd by the ProgreflRon 2, i,'0> and 
divided by 2 a: become <^x — 2. Now, lince the Jh^ghefl 
Term of the ^Equation x ^ is Affirmative, 1 try what Num- 
ber writ in thele Produ6b for x will caufe them all to be 
AfiSrmative. And -by trying i, you have 5 x — 2ia 3 Af- 
firmative ,• but 5AfAf — 4^*— «5, you have *— 4 Negative. 
Wherefore tlie Limit will be greater than i. 1 therefore try 
feme greater Number, as 2 , and fubflitdting^ 2 wi wl?^for 
AT, they become 

5Ar 
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S** — Sat*— 30«« + 6o« +63 3:79 

AT* — 2a:*»— lOA** +30** + 63*— 120 = 46* 

Wherefore, fince the Nunjlberi that come out 8 . 7 . i . 79.' 
46 . are all Affirmative, the Nomber 2 will be greater than 
the greateft of the Affirmative Roots. In like manner, if 
I would find the Limit of the Negative Roots, I try Nega* 
five Numbers. Or that which is all one, 1 change the Signs 
of every other Term, and try Affirmative ones. But having 
chane'd the Signs of every other Term, the Quantities in 
which the Numbers are to be fubiUtuted, wiH become 

5* +2 

^*'+6*^ — 1^^ f— 15 

5**4-8**— 3oA?*-^6oAr +63 

Jc* 4-2;r*— -ID** — 3o*«+'63*+ ?2C. 

Out of thefe 1 chufe fome Quantity wherein the Negative 
Terms fecm moft prevalent ; fuppofe 5a:* Hr Sx^ —30;^* 
*— 6o«+ 63, and here fubftituting for jr the Numoers t 
and 2, tbe^ come out the Negative Numbers *^ 14 and 
•—2^. Whence the Limit will be greater than •— 2* But 
fubftituting the Number 3, there comes out the Affirmative 
Number 234* And in like manner in the other Quantities, 
by fubftituting the Number 3 there comes out always an Af* 
firmative Number, which may be feen by bare Infpedion. 
Wherefore the Number — 3 is greater than all the Nega- 
tive Roots. And fo you have the Limits ; and *^ 3, be- 
tween wMch are all die Roots, 

But th^ Invention of Limits is of Ufe both in the Re- 
dufiion of iEquations by Rational Ropts, and in the Ex«^ 
tiadion of Surd Roots out of them ; leaft: we might fome* 
times go about to look for the Root beyond thefe Limits.' 
Thus, in the laft ^Equation, if I would find the Rational 
Roots, if perhaps it has any ; from what we have faid, it 
is certain they can be no other than the Divifors of the laft 
Term of the iEquatioH) which here is 1 20. Then tryim dl 
its Divifors, if none of them writ in the iGquation for x 
would w$ke all the Terms vamfli, it is certain that the JEr 

E e quation 



qiution wHl admit of no Ro Jt but what is Surd. B^ there 
are many Divifon o£ the laft Teim ijo, v'ft^ l.i-i. 
2 — a.-j.— 5. 4 — 4. 5. — V 6,— 6^8-— ^8. JO. — 10. 

12.— 12. l5^.r-IV 20.T-2Q. 2^—24. ?0.— \0. 4O- 

— 40. 60.— -5p, i2Q. ana — laciTb trj all thde Diyifor* 
woulU lye tedious. Bin it b^iiig known thai the Roots are 
between , 2 and — j^ we are free'd from tiiat La,bolir. For 
^iQW ^tier'e will be no need rptiy tiic Divifoc^ i^lelsthofc 
only thai^atc ivitqin thefc timiis^ i/hv. the Diviibrs i,aiid 
-- 1. and — 3. Fpr if noiie of tfiefe are ihc Root, it iscer* 
tail? ttiat tlie /Equation hid no Root bnt wnai is^urd. 

Hitherto I ijave trcate^ of the Rcdutiion of ^^uatipns 
ttfiicii admit of liational DivHbrs j _ but before we cih con- - 

c^ae, that an Aquation of foor, fix, or itiore 
7%( KtJiiftieu I^imenfiont is irreducible, we muA fiiil tty 
»f /E^TiatUiis whether 01 not it may be leduc'd b? any Surd 
ijSmdDiri- Divifor ; Or, which is the fame TTiing, you 
firt- muft try wbeihei ihe Equation Cati be fo di- 

vided into two cfluil ^ai^ tliat jfou ^-an ex- 
traft the Rootio^t 6f botfi. But'tliuinay be done by the 
following Metlhod. ' ' 

^ pifpofe the Citation afcoi;dingt;o thepiin9nfion of fame 
cprtairi flitter, io that Ml its Jerms joiptly under ihoi^ro* 
TjerSikQg, may be equal to ncrthiiig, and jet the higWn Term 
be adfeflcj with an Affirm ,ti« Sign. Then,, if the ^'oa. 
tion be a Quadrati-Jt, f for wermajr, add this Cafe- for the 
Analogy of the MitceO takefrom both Sides thft loweft, 
Tqm, and add one fourtJi Part of tJieSoufrcof thekhovm 
Quantity of tlie middle Term. , As.it the Jpquarion'be 
**— 'sc — b-^o, ful'traci fropi both Sidfs -i-,t, aitd add 
^4,4,_and there wjU i;opie out *>:,t-<* + 5^.hi = I' +^<<», 
and ^xt rafling on both SiJes the RooC, you ll Iiave js — |m 
— + v^i-l-i4*, or*— ^4+'/fc4-f4ta. , 

,.Noi*, if the -Squnidn be of 'fiiurDinienfiorti,-fiip^fe 
af^+p*' ^^qxjr-^'-rx-'r Jtz'o, whereip, 19, r, 'and /■de- 
note the knowBCQiiahrities of ^theToTOs of tHclftqo^on 
ad&aed byldieir-pxipet Signs, Aafc 

- , , ; . • ,^;L^a=tl - . ■ - ■ 
Then put for « Tome common Ims^l Biirtfar of the 

Terms e;and tz L that'iiniit aSqoire, and which ao^ftb 
be odd, ind-dtvided 6y MtoleaweVnity, if eiriierof Jthe 
Term»paiid'rbc<«W. PutKlfcrfoi itTodic Divifertf. the 
^ Quantity 
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Qpwtky - i£ppc f v^n , or lalf of t^ pd4 Diuifor, if ^ 

be ^ ; .<^ noting, if the Dividual e> })e i^pt^^g. Tzfjo^ 
the Qiotientfrpp ipk^ and caU the half of the Remain* 

dari> Thea fcr £1 put V— — > wd try if tf diridtt 

" '2 • • 

jS^'^^j and the Root of the Quotient be rational and 
cq«2t:to 4 i which if it bappen, add tp e^ch Patt c£ ihe 
^uaHo0^*)ij(ix]r-f inkix"^BU, zxjd extxzA die Boec 
oiiiaotiEi Cides, thquTanmi:^ out jfar-^ | /^tf +^jS=c Wio« 

Por Example, let there fee' pro^s^3 the JEquation x^^ 

^?5fjrtT I7r=9'/?f! l?^*^ PM>^ ?^fe^l^ ^ Wintinfo' 
and r 18 12, and / is i-— 17; having fubititutea thefe Num-* 

bets, . jrou'll have * = o, &=i:i2, and (zr — 17, and the 

oidjr •co'hiiaoa Dtvifor* of pTarid 2.<, t/fti, ^^, ^wilf be if,' 

MpfiBO/er, - is 6, and itsBiyifors i, 2, ^, and 5, are fuc- 

ceffively to be try'd for L and r— .2, — ^ — 1> — h fo*^^' 

mly. But . ■ — ,: that is, j(i( p equal jto 0: 







. JioRowr, ^ fr.^,r . i •, thatu, y" ^^^ / uequaLwi/; 

. ;MHiaKf the even. N^n|bns;2 and 6 are iiiritt Ear £, j2-i^4 
Mxnii^e^ and'i2 i^"^ ^ '^i ^ ^^ odf Number, and coa&- 
queiitiy (annoc Cbe divided jby ^ or 2I .. \y^etc|Qre thofe 
Number^ 2 and 6 are to be.rcje<?P^. But wjienvt and 3 
are ln^i!*t?4: 'I, i^ is^ f irid 9, " ai^ T(lQj^ ; .is 1 8 arid p8, 

' ff^»»*ftlw*«f«rffay l*^m^ ly .», ..^^^^^Roo^spf ^e 
Qiiotientsi,^tJf3§ed. For they are ± 3 and ± 7 ; whereof 
oAlf i->'3 agrees with f. ' T put thfefiitqtt ^ s; i , i = •—.5, 
and jg~ 1;' and 1 add the Quantity nkkxx + ?i»i/* + 

, ff^ ^}1V: i«, :2J^x —.1,2?^ + 1^ :to ejich ffaj t of ihe Aqto- 
tion,and there comes out x-^ + 2Xx + i == ixx^^ 1 2 « + 
id; and cxtraiSing oh both Sides the {lodt .^ ;r 4- 1 s: .\ V2 

— \v~2. But if you had rather ayoid the Ext ra6fion of the 

jRoijit, ' qi^ xx;^ ^fx T^- £=py» 2^ -t/, 31)4 you 11 

' find, 4» hefcyc, *j: + i sssi V2 )^ At —3. :A«d if^again 
yfiP Utwfltohc ;Root pf tivs jEqi^tipn,.ttete,i5dyyiiCp9ieput 



* == + 1 V2 + f^.^^ i 3 V2, that 10, according to the 

Ec a Vad- 
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Variation of this SIgiw * = f V2 + 1/3 V 2 — f. and y=g 
iy^a— v^3V2— J. Alfo*— — 1^2+ v^— 5V2— 1» 

and;^-- — IV2 — V^ — 3 V2 — ?• Which arc four Roots 
of the iEquttion at firft proposed, at* + I2« — ^I7i=0« 
Bat the two lafi of them are impoffible. 

Let UB now piopofe the i£qaation x*-^6x' —58^?^ 
•— ti4*— 11 = 0, and by wtiting -^6, ^^B, y^UjU 
^tid*— II, fof p, f, r, and X refp^ively, there will arifc 
•^67-=*, — 3i5 = ^T and— ii:j3| = C; thconly com- 
mon Divifor of the Nambcrsp and 2^, or of ~ 31$ and 

♦.«.'4i|? is J J and confcqucntly will be here », and the 



vifors of - or — lo-j, are 3, 5, 7, 15, 21, 3.5, and 105, 

which are therefore to be try*d for I. Wherefore, I try firft 
3, and the (Quotieht — 3^ which (comes out by dividing 

t by i, or — los by 3) I fubtrafl from f pi, or —3 >C 3, 

"IB . ' 

and there remains 26, the half whereof, 13, ought to be /. 

But i±^; ^^r±L±IL^^ that Ts, - 20,. will be j^, 

and i2 :0 — / i»iH be 41 1 , which miy be divided by »vOr;3, 
• but Jthe Root of the (QsK>tient, 1 37,cannot be cxtraaed.Where- 
: &tt I lejeft 3fj and try 5 fo *• The Quotienc that now 

Ok 

comes out by dividing - by i/or '~ 105 by ^, is^-^ 21 ; and 

* - " If 

. fubtrafling ihii from f p *, or -*- 3 x 5, there regains 6, the 

, half wheice^ 3^ is/. Alfd jg, :or - ^ ,^ tlttt is, 
. . / ^ 

:!::^^Zi25, is theKumbcr 4. And Oa*-.|, or i»+ II, 

2- - ... 

: may be divided by n\ and the Root of die.^iotient, 
; which is 9, being extraded, i.e. 3 agrees with /. WhoDe* 
.' fore I conclude, that / is — 3, i — 5, ^=4i and iis= 3 ; 
* 'a[iWit/>»H**+-.2»i/^4-»//, thatis, 75*«+ 9oa: + 
' ' 27, ht addedtocach Part of -the j£quation, the ^Root may 
" be extracted on both Sides, and there will come out «AP-f 
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5* + 3 ; and the Root being a^un extiaded, «s;i:=J — Z 

— '— a 

Thu^y if there was propos'd the ^Equation x^ -^gx} ^ 

^%xx — 27Af4-p = o, by writini— p, -fiS'^^^T* ^ 
Hr p foT pf qy r, and $ refpeaiveiy^ there will come ouc 

•— ^1=*, — 50t=:^ anda^ryss?. The common Di- 
vifofi of ^ and 2 ?,or — ^^.^ and '^V *«» 3» 5, P> ?S» 27, 45, 
and i:)< •, but pis a Square Number, and 3, i^, 27, i:;5» 
divided by the Number 4, do not leave Unity,' as, by reafon 
of the odd Term p they ought to do. Thefe thetefore bo- 
ing rejefied, there remain only 5 and 45 to be try'd for $$• 
Let us put therefore, fidl if=^, and the odd Divifoit of 

|or— V being halv'd, viz. 4, 4., {., y, V, are to be 

try'd for h If I be made |, the Quotient — V» which 

comes our by dividing - by l^ fubtrafied ficom \pl , or 

— - j^ leaves 18 for /, and , or -^a, is j^, and 

jg^jgj— /, or —5, may be divided by », or ^ ; but the 
Boot of the Negative Quotient — 1 is impoffible, which yet 
ought to be 18. Wherefore I conclude I not to be |, and 
then I try if it be, 4.. The Qpotient which aiifes by divid- 
ing ^ by i, or — V ^y Tt V'*' *« Quotient — y I fub-; 
txafi firdm |pi(^9 or ^^y, and there remains o I whenc^ 
now / ,will be nothiig. But — , or 3, is equal to 

^, and QQ — / is nothing 5 whence again'/^ which is 
the' Root' ^ 5 O— - 1, divided by n, is found to be nothing. 
Whcrcfpre thefeThings thus agreeing, I conclude n to be 
= ^, i =5 f , 7 =r o, and jg •=: 5 ; and therefore by adding to 
each Part of the i£quation propos'd, the Terms nklxx-^- 
2nllx + nllj that is, ^-^xx, and by cxtrafling on both 
Sides t he Squa re Root, there comes out ;r;r + f p;r -f ,^ =- 

•»X*im, that is, xx-^^^x-^^zszV^ X !.:*•. 

' By the fame Method, Literal ^Equations are alfo reduced. 

As i£ there was at * •-- 24x* if^^ ^^— ^^'^ + ** =a 

V , r " ty 



tf fMbftilating — 2^, 244— rc^ —24% and +4^ ft 
f , r, and s *efpe€KveIy, yoa obtain as — cr = *, — 4rc 
4'=P, and j4* + f4jfc — :Jc* = (. The coiBmoq ; 
vifor of the Quantities ^and 2 C is ^^ + ^^^ wj^ch t|^en 

will be If J and ^ or «^4, has the JDiv^bv i f^ 4. But 

l)ecaiife 11 ii of two Dimenlions, and IVn ought to be of 

no more than one^ therefore I will be of none^ and confe- 

pi 
queofly xannot be ^ Let tbercfoie ihei^ and - being di- 

jrided by I, take ^ Qiotient .--4 &9<n ?pi(, an^ t)ie|re 
w8I remain hpthing fo; /. Morcbver, / ^ P^A/* i*. 

j2.^ aDdi2.£l"^A OTj^— ji^, iso ; and thencp ^igain 

there comes out nothing for /• Which (bews the Quantities 
n, i^ I J and ^^ to be rightly found ; and adding taeach^lPaif 
of 'tibc iEquation proposed, the l^r^ n^kx^^^^kljc -4r 
n//, that is, 4axX'\'cexx, die BLoot may be cxtrailcd on 
iboth tikks ; and by that Extra^lion tiiere wiU ^me «uc 

^Af+|p y-h jg = y»X^Ar-f /, that is, xx^^dx-^- d4L 

~ +4f V44 4-f^. And the Root being, again extmded 
f9uUhavc « ;ff f 4 it I Vdd'^cc + 

^Hitherto I have «pply'd the Rule to the ExtraSion of 
Surd Roots • the faiyie ,m»y alfo be .apply 'd to the Eztraaion 
of Ranonal Roots, if for the Qpantity n you make Ufc 
^ Unity ; mi a^ iCbat ^Manner-jvt *n^y examine, whe- 
ther an ^Equation ^t urants Fji;aded oj Surd Terms can ad« 
mitQfany Divifor, cipher ilationai. or Surd, of twblMmeh* 
fions. As if rii^^ugtipq ji:\*rr*'r-5^^rlrii(2v-<-r6 
= was prqpqsy, by fqbftiti^ng —J^ .-^ 'i.rirh%, Wd 
— 6 for p, y, r, and 4 jrefpeaiyely, jw*11*kI ^^j-J == «, 
p|3=&, and^.(o4^=rJ. Thp cppimon Divifcr of the 
Terms ?> and.f<, ,or.of y and .rrr'-f^ is 43iJy;trnity. 

Whttefbiel pM sssi. The Divifon of the Qtjantity ,-, 

or V , ve J , 3,' 5, 1 5, 2«;, 7iJ the ltJa}ye8 whereof (if p.be 
jodd) are to be try'd fw i. An^ if fori .M(e frjr f,. jrob'JI 

have 4p.i.-- 1^;55 -- 5, _ a«4 .-itt-h^lf «r 4-«{rf.' Alfo 
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*"^*^* s= f sii^, and ^^=1'-= dj, the Root whew* 

of agrees 'with /. I thercForc conclude, that thfe Opantitiei 
^i K A a ^^ ligHtly found ; and haying added to each 
Part of tnc iEquuion- the Terinj nkkx^i^- inUx'+nllp 

that is, 6 j^ xr— 1 2 1'* -f ^ v ^*^ ^^^ "**y ^ extistflisd 
6n btoth Skie^; and bf tha,t fixttaftioii thete will totteot* 

f=?ti >^ ^k^'-2i,otxx'^^X'yt=o/^fAxx + 

ix^"^ 2 zazOn ^ and fo by thefe two Q|iaaratiek iEquationt 
the Biqbadratick one propos'd may ^e divided. But Ra- 
ff^dl Divifort of tliis Sost may niorc expeditbufly be foond 
by the other Method delivered above. 
If 2(t any Time th^it are mahy Diyilors of the Qiiantit^ 

fo tbat it majr be too difficult to try all of them &r i^ 




fomebdaone. Thus, ii the lalt Btampit, ta^^rt k 
'^^toBie one of wbofe Divifors^ i* 3^ ^> <^^^evil Milv'd 
h -r* T» 6ught to be jg. Wteitfote^ b> trying fingl^ th^ 

haiv^dDivirora of the Quantity^, wa. f,4., ^, V» VS«i4 

V foiri, I icjeQ all that do not AiaSte ka,^^nll^ or 

— V + y ^ i ^^^^ '^» ^ ^^ one of the Ntimbcrs t, 5, p^ 

thjfetc come 
out of 
Nortnp- 

bers i» 5, p, f, 4., 4-y and coriftquently the reft being rejefl- 

cd, ciffieri wint)c=±:| aiid ^= — i., ^ri^i. and ^ 

sr i. Which two Cafes ate exaihin'd. And fo mach 

iEqpations of four Dimenfions. 

IE -in iEquattoh of ftc Dittiehlions h to le redcic'd, let it 

be A:**' ^p^r"* -^p**^ + r4p'+i**+rir + t;-:o; and 

Inake 

I^hen^hikfe ftt ^ feniig cdnfflon Inte^ Divi(i»r, litat is not 
aSguare, out of the Terms 2 if Vj 2 9, and that like wife is 

not 
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hot divifible by a Square Number, and which alfo diyided 
l)jr the Number 4^ Qull Icare Unity ; if but any one of the 
Terms p^r^t be odd. For k take fome Integer Divifor of 

the Qnntity if ^ be even ^ or the half of an odd Di« 



2nn 



if p be odd ; or o if ^ be 0. For O t^kc] ^^ 
Quantity fa + f nil. For / fome Divifor « the Qpao- 

tity ^^'^,^yP'^^ if ^bcan Integer 5 or the hall of 

an odd Divifor, if ^ be a Frafiion that has for its Deno- 
minator the Number 3 ; or o, if the Dividual [oc the 

Qpantity] , ^^~^^P~^ be nothing. And fbt iS ti|fc 

IS 

Qjiantityfr— |jg^p-f f »i/. Thcntry if ifiJ— vcanbc 
divided by n, and the Root of the Quotient extraOed ; and 
JicOdes, if that Root be equal as well to the Qpancity 

^^ a, to the Qu^tity ggllLrilltl'. If 

»/ 2ttk 

all thefc happen, call that Root fn ; and in room of the JE- 
quati on propos'd^ \yrite this^ x^ ^ ipxx -f J^x-^ r =s + 

V» X i * a: + / a: -f w. For this j£quation, by fquaring its 
Parts, and taking from both Sides the Terms on the Right- 
Hand, will fjroduce the ^Equation proposed. Now if all 
thefe Thinga dp not happen in the Cafe propos'd, the Re- 
duaion will be impoffible, if it appears befcwhand that 
the ^nation cannot be reduc'd by a rational Divifor, 
. For Example, let there be propds'd the jEjuation x^ — ^ . 

12ax' + 2hbx^ + 24htx'^24'^b ATAr^^^Jf =±0, . 

^nd by writing —24, +2bb, + 2dbb, ^2aabh'{-2a^b 
^^ab\ o, zni ^aab'^'^a'^bb forp,j, r, /, t, and vic^ 
fpeftively, there will come out 2*^—44=4, ^dhb-^ 

/f'ss:^. 24H^ 2J4ifr — 44j' — 4^=>. ~t* + 

^aaJ;'' — 4^ir^— ^4^ =9. And the common Divifor of 
t>he Terms 2$, ^ and 29, is Ma — 2bbf or 2bh — 44, ac- 
cordipig as aa 0T-2bb is the greater. But kt aa be greater 
than 2bb^ and 44— 2^* will be n. For n muft always be 

Affirmative. Moreover, - is ^^sa + 24* + Hk ^ is 

*4' 



|4'/ind^is ^^^^\X^MMbb, and cDnftqaerA-y ^it 

J^4t-*, the Divifors whereof are i, j, 44 ; but becaufe 
i/»'x i cannot be of* mok* thai one Dimer^on, and the 
y» isiofbnfc, thcrefijrc jI will be of none ; and confequeotly^ 
din oi^y he sr Nurnb^, . Wherefore; .rejcfling 4 and 4J^ 
diMJe reimains orily .1 foi ih Btfijies, - f a + a » i i give« o 

fcr ^; anf ^'^'^'^^ ^ir^^ is alfo ndthing • and confcs.;' 



-» 



Juently /^ ^ which ^ought. tQ ]bc its Divifor, will be nothuig, 
afiFy^ fr— |p£+ !»*/ givqj^tt for^. And^/f — » 
is —244^^+4^6^, which liiay be divided by », 01=44 
■f-'2ifr;* and the Root of the Quotient ^Jrbb be ejctraSed/ 
:liid,^d:c: Rode taken Neigativrty, vizi:^^iiB^iznot unequal 

tp. the. indegniqe Qp^Plitib ^-Titf^ i^' P^ but e^ial to 

the.deiluiite Quantity ^^T^^^^^^/rj, . Whetefbi^ 

t1iat;Root — '4 fc will Bc'w" and in tbe^rtom' of the ^ua-' 
tion propds d, there may be wtitx^}^ f"^ xx + j2,]v + i2* 

== V*ii -X /^ A T y -h 7 y 4- w , that is, *Ar»'— ;<^Ar + 4>t=f 

V^i 4-^;?t^XAr;tf — 4 1^ The Truth of * ^bich jEquaf ion 
you miy prove by fquarmej the Parts 6f the JEquitiott '' 
found, and faking away the Terms on the "Ri^ht Hand from 
both Sid^» 'From that Opetation will be produced the iE- * 
quationA;^~'2 4;tf^ + 2tfe:r/^4- labbx^ ^^2aabbxx^ 
'id^bxx — 44ft'**-f344t'*-— 4^H=rO, which wasto 
betedncy. ' 

If ihc jEquation is of eight Dimenfionjj, let it be «* -J* 
px'"-YqX^ -^-rx' '^sx'^'VtX^ '\'VXX'\i9X'\-z>':rzO^ 
?fid makeq.-^ipp = <t, r'*-i|p* = ^^ ^— fpP» — !*«==: 

j^L arid i,«:--2??=:r^i And feek a common Diviibr of 
the Terms 2 ly ^c, 2 <, 8 h, that ihall be an Integer, and 
n^itheir ac5quare. Number^ nor divifible by a Square Number i 
afid wMchi^lfo divided by 4 ihall le^ave ,Unity^ if any of 
tb^ialt^rnate Terms p^ r^t^whe odd. If there be no fuch 
common Dii^iiibr, it is certain, that the i£quation cannot; 
hQ. i[q;ii}ic*d by the Extradion of a Qjiadratick Sur4 Koot, 

• F f ^ and 



snd 4? it cannot be fo >cduc*d, tlkte wUl Ibnoe be Iqpnd a 
dBounoii Dmfi)ROf ftll thofe foutJC^si^Mities. The Upera* 
tion therefore hithoto is a Sett of an Examination, whetfaes^ 
tbft i^qifaripo be reducible or not | ai>d confequendy, fince 
that Sore of ftedudions are feldom poffibJ^ k will moll 
cdttimonly end tbc Work. 
^ And, by alike Reifon, if the\£q[naa0nbeof ten^ twelve, 
or fnore Dim^iCona^ the Impo0ibilit]tt)f its Rcdodim may 
be known. A» if it be jt'" -f yx'A qx^ ^rx" -^ sx^ 

i(^i^^_K< And fiek fuch a cotnmon pivifor to the 
^ve Tenni, as ^ ^t ^^ 4^9 8^ aais an Integfcr, and not. 

aSquase, but wliich. ih^U leave^i when diTidi4>by 4» if 
any one of t;he t*ermttH r, ^, i^ r be odd. 
So if there be fedi Equation of tw^Sbtt Dimenlionsy ai 

«^r^Tl>*^TW--i&ft=«S 4~ip« — 4:*>— 4l^>S5 

%]i; 4 cominon Integer Divifor of the fix Tero^ a ?* 8 «;, 4 0, 
R J'l AS 8 /s that IS riot a Square, but being divided by 4 
fljall I^ve tjoidu if auy one of. the T^rms p, r, ^, j% ^, ^ 

be p^4/ i^^ 

'And' thus yoo '^, go on X hfinitw^^ and the wqpoa'd 
jEquation will be sQways irreduceable when it has no comr 
lUpn |^i*i<Qr* ' ButJ. if at any Tiuie fuch a Divifor « being 
found, :^therc 4tq Hopes of a. future Reduftion^ and iu may ' 
be fQ\fi4 by. working or following the Step* of the Qpenu 
tion we fliew'd in the ^Equation of cigb( Dimenlbna. 

Seek a Square Number, to wbich after it is multiply *d 
by », the lafl Term ?i of the ^Equation being added qnder 
its proper Sgn , (hall make a Squaie Number. But that may 
bjf expeditioufly t)e]fform*d if you add to «^ wbei^e m M m 
e^^en Number, or to 4<, When it is odd^ th^fc Qulmtitiet 
fucee&tdy n, ^n, 5», 7«h* 9», Ma, 9mA fc^MffHtho 
Slim becomes equal to feme plumber in tbe TaUtfxxf Sittfew 



1 4Ii> 1 

Nunftfefi, vifMi I fiippoft to ht ready it Hand. Ahdif no 
ftich Sjaate Nombcr occun before the Sq[tiatc -Root oF tHrf 
Sum, augmented by th« Sqliirc Rbot bt the Eicefl of that 
Sum above ihe laft Term of the JEquacion, is four timca 
gteator tbaa the greatcfi of die Terms of the ptopos'd JEj^ 
^nation p, q^r^ j, t^ v, &q» there will be no Occafion to try 
any farther. For then the jfiquation cannot be reduc'cf. 
8ut if fuch a Square Ninnber docs accordingly ocfnr, let it* 
Koot be ; if n IS even, or ^S\i n bdodd ; and c^I tVt 

y^ — :-*- aBl^ r Bat i aiM A oaght to be Inttters if » 4f 
n 

l^vtn, but if » 11 odd, they ntity be Fradions that have i , 

for tUdir Denominator. And if one is a FrafiiOn, the othet ' 

^Q^ to be fo too« Which alfo is to be obferv'd of the , 

Mumbers^ R and M^ Q^. aiid /, P and k hereafter to be found. 
And all the Numbers 5 and h^ that can be found within the 
prefcrib'd limit, muft be coHefled in a [Table or] Ckta- 
iogue. 

Afterwards, for (t) all the Numbers are to be lucccffitkly 

try*d, wt&di Gp n^t nial^ i* i ± 4- p t^>^ ^^^^ greater than 

, the greateft Term of the iEquitibn, ahd you muft in aH 

- Cafca put ^-^U^« fe Then you. are to try fucccfliYcly 

for { all the Numbers that do not make nf 4; H four tlmeb 
greater than the greateft Term of the j£qaation ; atid in 

every Tryal put ~ ^ 1- ^ klx^ R. Laftlyi fo^ » 

. 4 ■ ' 

yOM muft m fixceffively all the Numbers which do not make 

nm+R four times greater than the grcateft of the Tdrms of . ♦ 

the ^uation, and ydu mufl fee whether in any Cafe if you 

make I — jgO — FX«4-ii/i=2^, and H+aJfi^riS; 

kcSbefMMlordie Numbers Which' wer? befbr^ brought 

into the Catalogue for 5; and befides, if the other Number 

atiftmii^ to tMt S, which being fet down for b in the iaifte 

' 2RS^-^m 

Catakpuu . wall be pqfi^i t0 thoie three. ^-^ r- . 

\ ^ ^ • ^nm * 

2j2,S'{rRR'T-v-'ifmm , , W-|*20**— t— 2»7» ' 

■wTBTa ii%.i » A .till j^ anfl'** *'^ T^- ■ ill ■■ ., . jr 

aU iMe t^a ihall hap]^ in ariv.Caf^ inftea4 of ;th^ A- 
^IMttftop ^Ras 4^ y pn jm^ft wrto thjs ^x ^ 4 - 4rp«v^-f^^* 

••|^lfjrip!Jsi:»Vihc4i#*+4jr4r^^ - 

\> Ffa For ^ 



For Example,' !et there be proposed the jEqaation *•• + 
sso, . aad you'll have q^-^^pp ==— i — 4 =— S =^*« 

V = — i = >. r— 4:p>— ^>(i=:~5+4.s±-*-^=:^' 

»— ^■ct>— 1^^~— 10 — V ^— T- w~4-^?'=— 

I0=;zf. ^_^;.y-._i-_^^-,_*^-;--,. Therefore 

2 1', 2 •, 2 <, 8 »f rcfpcctivcly are .r-5J — *^%>— ^, and 

— ':J.% and their common Divifor %. which divided by,4, 
leaves I, as it ought, becaufc thc*-Te!tn s irodd. -Sincil 
therefore the common Diviibr 0, or 5, is found, which gives 
hope to a future Redu6lion, and becaufe it is odd to 42^ 09^ 
^^2Q, Ifuxeffively addvi, 3», 5», 7«, P»i *C" or S..^S| 
?5» ?5i45> ^'^^ ^^^^ ^^^^^ arifes T-f 15, 0, 25, 60, ibi;, 160, 
2?$, 30^. ?85* 480, sSs. 700^/825, P^P, MP5, 1260, 
1425, i6co. Of which only o, 25,225, and j6po arc 
Sqpiares. And the Halves of thefe Roots 0, t, ti 20, col- 
Ua in 9 Table fox the Values of 5, aiid fo the Values ot 

y -, that is, I, i, t> P, for ^» But becaufe S + » £s 

if 20 be taken for $ and p for ib, becomes 65^ a Nf^niber 
greater than four time^ the greateftTermof the j£quation, 
therefore I re je<9: 20 and 5^, and w^ite only (be re A ii\ the 
."if abl? as follows : ' 

^ Then try tor i all the Numbers "which do not niake i.+ 
«4, or 2 + 5^5, greater than. 40,' (four times ^e greateft 
Term of the ^Equation) that is, the Numbers— 8,"—. 55, — 6, 
r-5> 7::4. — 3^ — 2, ^i, o, i^ 2,3, 4/5. A'%'" P"^- 

ting ^ or ^ ' -, thatis, theNumbers *4.*,iiO| 

» "2 ' • I 2 • t 

'^% ^0, Vi 20, Vi 0;— 4.,0, 't'v 20, V, to,. 'f%.I20, 

rcfpeflively for ^. Put even when Qj^nl^ and much 
' shore j|2, ought nor t6te gireater than 40, I porccjm 1 ajh 

to^rejedt *i.^, UPv-'t?-'*!-?"^ to, and their Cirxefppnd^ts 
^ S, — 7, — 6, --^, ^r^, 7, md coulequently that onty 

~^"^^~>^»~^* ^> ^'^'1.' ^-^ ^^ ieffcaivcly be 
try^dEfer i,*and' V',* >20, VVo; -^'f, o, 'VS ».- ¥«» »<P*- 
■ fti velffor U Ict^s thei«brc ^iiy^V. for i, !«ii|l d fct & 
and in tbisT!a& foe /«4:iicrei w^^-bQ[;ft|q9efS^Fdf ;to;b^ V^^ 
^Ithe Numbers which do not make Q^nTjgxMx than 

I 4Qf 
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40^ thtt 19^ all tlie t^umbers^.bcc^veen rno aidd «T-.dpi^alid 

for R you arc refpcfliycly 




^nil^ot — 5^— ^l; that 

— 50, —2^, —20, — 15, — 10, ^i}^ (^,'<, ib^i's* 20-, 
25, ?<, 40, 45, the three former <tf ]lvWcll^an*th<4filft 4C- 
OMife they are Rrcarcr than 40, iniy fe^ ttt^k&tdi^ "^Ltt ^ 
try therefore ~ 2 for /; and •} for^*;- Ai* in tHslEift »fi)# 
m there 'will be bcfidcrto be try'd AlHheNliilib^is tlrlHchMif 
tiot make i!.± wii, ' or 5 + w w^ grcate# thaw 46/ tbAria,^ sfl 
tbe Ntttnbera between 7 and ^^9,- "aiH tee whetW d#\ii6e 
fcj putting x~ ^.^.-. jr^ +.7» //, tbiat il^ ^ 2b -f^ ^'of 
5=:2JE/, let A^4.»^«„or4.~5«te5, thatisL .ij^anv of 

ihefeNumteis=£5. =55, =:4^f=:35 "T^S z^ 
nlS •5-15 ^•15-«45 15'1<'15 !5'i3'«,;^ 

to- any 'of the NunibeYs'c, +i ¥y^vfbich''vf^i^ Slit 
brought into the Catalogne for S. Jind we meet with jEbor 
5>§ th(>fe;r^ tS —4-, h. V% to whii^ atolirci^±i,^2t4,'.5 
■r> i-f^ being writ for jbvin tne fame Table, a^alib 2, I, o, 
•*- I fobflituted for w. But Ice us,try,--*i*fcr Sf .j.Spr>i^ 

and +4- for A, and youU have — ss"^^^ - — 

■" 2»*ii . ' <IOf . 

211/ — 26' ^ 

• '"V#S+2jP^— r— 2»/w ';-^io + <-^20 ^ 

^ 2»i . .— 10 _ 

4. Wherefore, fince there comes out ip all Cafes — ^,''br 
i&, Fconclude all the Numbers to be rightly found, and ton- 
i^]]ently that in room of ihe iE<y]atioQ^propQ(i'd: youjniill 
write jy^+ Ip^^-j- .gre>y + Rxf'+ SssV/i X ,. 



V5 y — ** — 2A::if 4-^;t7«- 1 1- For by fquaringtlie Parti 

,of this, -thore; will be prodiKUdiat Jfyp^^ou JO&^^^Di^ 

ineflSon^^ wliich w|s at firft propoa'd- ., :> . • 

' Now, if by trying all the Cafes pf the Numbers, all the 

. tfforciilid ydues o£ ib do not in any Cifeico^ferit, it iwdu^ 

be-ao Argument that the iEquationlrbuld npt be (civ'dn 

the BMSaiibh of tfe^Surd QittfliaticieRbot, '^ '^ ; '^ 



' f^fldif^ fi0«r j^ Ihe Reduaioni 6£ i^^aatiaite by tfit 
Ett(aaMH| of the $||r4.Ct^cJc Root, 4>ut thefe, ai| bdtig 
ftldom Ot U(ey r paft by. Yet there are fotne Redodkoi 
ff Oibkk.jEqpatio9s conmonly ioKnirti, wbtch^ if I jboutt 
who%. pa6 oyer^ the Reader might perhaps thjoK ut de^cip- 
OML , Lrt time U pfopds'd the Cobick itqoation 4r>^4^ 
^0 4-ir sAo I tht fteoAd Term wbetec^ is wanting : Hit 
^^^ -^— ^-^'-^ JEqoatioii may be.tedac'd to tfatsrorm, ii 




ffidmifeCKMn whaft-we^hairt faid abovr. Let i* be fuppos'd 

0t4f^il. .Thtfiwt]}<V4-t4tf*+Mi( + ^' (thatttjr') 
^i}4^rVwr«tO.- Lei»^4ifj4-?'^H (that 13, ;^ir) ^^ 
^ar^atOf «Hd.tIi^ will 4'4-i^'^^ss^o, £y iba fennet 

atiC^J ik ;?:^"^, and cubically i' s — -^. 
Tbetefcie by the lattter, 4* — ^— + r s= 0, 01 4* +rd^ 
ip ^ ^ ^11)4 ^ttf^tbe Ea«aa£lioii <£ the adfefied Qjiadiatidk 

»oa^4»xr-^tr±rirr+* . Extrad the Qlbkk 
ICMt ibd yduil fiiv^ 4» And abote. you had — ^ =l^« 

«nd 4 4; ( :s: /r. Thetefore 4 ^ ^ u the Root of the iE« 

q[badon proposed. ^'' 

Foffixftmpl^ lettherQ be pcopos'd the ^Equation y^-r- 
1Sy^p+ 6y + l^==o: To take away the fecond Teiiir of 
t^ ^SLM^^ttioH) piak9 « -|- 2 =y,. and there mil arift.-x^ :i^ 

--. 6it 4- B ss 0« ,Whc3^e tf is =— •<, ra;;8, 4^r=3i5i 

..... . . .• ... ,^ 

*-s:-^8, W's:i*4i4:tV^, 4^^'^i:, tad *+ zSrJf, 



3 



^» <f» ii> 






'^•^tfctttWi Wiry «i* Roots 6f ^fCobidil lEc|!liK<»Ui 
flsas be exttaOed whetdn 4 is Afl$Tmati^ ; ot^fb ^sHie^iff 

^uisfNtgativ^ aiidlL aotigmun thia 4h>r; vdM is» 

Vvlieitin tw6 of, tW^cfi^^ q^ the ^uatioq mlHif^U. 
jBot idieic f is Negative^ and ^ at tlie fame time greatec 

than 
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and fo tht Root of ^ jEqindon, x orV ' WilL |jn kMOiiiw 
W iMipdfible^ t>U.vixEt Ok f b6K ai« thiee 'J(i|6K 



Kxsm; Hirhich affoFa^em site alike widi nfpea to thesT^|l^ 
rf 4^ i^qo^ttpris ^ ahdV, and are indiffeitntly ^tiota by 
AdicQ^s X and T, .and conjeq/sendy pD of thaosi, flWlM 
mfta^ I^th^ fiftie Kfc Add, dnd^eii^'dthel^ W^ 
as anjr om is ^ti(afied or qqpfdi'd ; l>at it if iippoffib|pv ^ 



•I, whereby x i« denoted, cannot V tnanyfok^ ana fix 
that Hesfen ^ Suspc^ioi^ d»t «» ia tbii Ca% vhewi;il 
is triple, Qiay be equal to the Bilioll^M ir«^ •^^ or tf 4" ^ 

the Cubes of whole Terms 4' + ^- ^t together ssr^JS^i 
iAe tiiple Re£bingle^4i( issfy^iiplaiiiiy impoff^^ and 
tt it no Wonder that from an impomUc Hypotbe^iy an im^ 
pD»Jc Concjufion flioald follow, ^ '.:-V^ • ^ 

There is, moreover, another Way of exprefling thcfe 
I^PItrj, Vb^ from 4' + 1' -^ ^ th^ i% froia np^ir^ tabei 

, • * . • * ■ .i«>-IMI I till ~ ' * 

• m • • ' 

4?HH«V «M f'±r Jrr^^j and thoie will lemain ^^ s= 

27 . ,. • ..',1 » • » 

— |f »» if j|P^ J r r + *-. Theiefoie 4 k as 
iK-fr+/^rr + t.' and * « 

.. ?7 

r~-* .^ I. i'= =r 

K^l^r— A^irr + 2J and i si 

3' til l! I , , 

fr^^r'\'^^rr'^^% and, cattTwiucntlf the Sim of 

27 - ":: . 



"»\ ^ • 
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Moreover^ the Roots of Biqua^fatkli: ^Equations niay h&, 
^iMtnikni eiepoWd f)y feeans '<^ ^Cubick one^. But iirlt 
you Jfttft t^l?^ fiw?y^t|^ J^cgnd TMm ofjt^i^ ^Equatiop. : Let 
|A$' AgiiaUon; jhat^pficn] rc/ulti.Jbe- Ar^+ 19 ^x^ riirh s 

ikhjfiAVUh this AT^ *.4-£ A?.Af rr:A*i: 







-. :i fir. .iJk.«i^"'^2 'ji li • ' ' • ' • • • /; ' 

;^ 2je^ ^_" ee — rr = o. For e« ivnte ;jf, and-y^wtl 

hav« jt? + 2 ^>jf Zl 1; y-^ ^ ^ = 0, a CuKck -ifcfuJrtion,* 

whofe fccpnd Term (inay be taken away, ?nd then thP Roo^ 
cxtrafled either by the precedent Rule or otherwife. Then 
that Root being had, you maft go back again,. *iv Pitting, 

5 + fe~- ^ + fe + ^ .,. 

V[y = f , .-^ =r./, . ^ ' — r=^/ and the tWd^ 

^nations xx + f ;tf + /"= 0, and xx — -.jpaj +^s=:0, theii 
Roots being extrafted, wiil give the four Roo|s of the Bi^ 
quadratick iEquatioh ;r^i«4- qxx + rx +'i*s=c, t^'*»'flr:i=* 

— |e± V'f ef — f, and xzzz je±\^^e — /. Where 
note, that if the four Roots of the 6iqu|adf;a\ick i£guati6n\ 
are poffible, the thre^ Roots of the Cibicft iEqbatioh y^ + * 

237;^ mif^jr— rr = o will be poffible alfo,. and conft\ 

quentfy cannot! be ^trailed by the precedent Rule, And 
thus, if the aiFeSed Roots of an iEquation of five.^r more 
Din]en6ons are converted into RoQts tl^tjarf pot alfefiM^z 
the middle Terms of the 'Aquation being taken awaj« that 
lixpreSion of the Roots wiQ be always linppflible, whe^ 



\^ 



t"5J 

taote^tiim riric'Kciot 4n aft iEcjuatiort of oadtXimr'nlioM 
are poffible,- or ^ore than two in an jEtJufatiort of even 
JDimemfions-,-* ivhich dlnttof be' reduc'tl by tht : Etrr aioii 
6F the Stitd Qliadiitick Root, by the' Method l*i doDWl 
abcKrie. .: > . ^ •' - '..... 

' M6nfie\xt'Des Otrt^f tzuoht hoiKr td reddce a Biqtiatiratick' 
iEqu^ioft'by the Rules faft delivered. £.'p .. La there, be 
proposed' ^e ^qihtion rcduc'd above, A: "" -^.X'^' -^ 5 flf * +' 
t2k' — 6drO- Ja'ce a^ay' the fecond Te;m, .by writing' 
V + i for .V, - *aild there wiH arife tr ^ ^ V' 'i'^^ + V ^ •^' 
lU- ==r o. To tak^ aw;iy th^ Fractions, write, 1 1 for t/, and 
Aete- win afifc W^ — Z6iz. + 600 «, *r SfJ r — 0. Here 
—86.:=:'^, 6oD±tr ' and --8«5r=iT. artd confcqucntly 

y^ ^ 2qjy j[2/7— "rr s= 0, and fubflituting what is e-; 

quivalent, you'll have y ' #— iy2 jy + icSooy ^--jdoooO 
ts 9. Where trying all the Divifors of the laft Term i, 
— I, 2, — 2,3,— 3,4, —4,5, — «), and fo onwards to 
100, you 11 find at length y = loo. Which yet may be 
found far more etpeditioufly by our Method above deli- 
ver'd. Then having got y^ its Root 10 will be f, and 

j-ree— —864.100—60 -'ni^ 

. ^ that is, -^ ..^.^^ or— aj, will b« 

/ and — ; . ■ , ot 57 will be ^, ind con&qtlcntly the 

^Equations xx + ex-^f -izo, and *^ «— f Af + ^ c= o> 
and writing t. for x, ahd fuhftituting equivalent Quantities, 
will become it, + loi-^ i^rso, jnd ©*— io«»4- 373=o* 
Reftore 1^ in the room of f •, and there will arife vv-^ 
2|t;— 44:s:0, andw— 2|T/+iJ=o« Reftore, rnorc^ 
over,;c^| fort/, and there will come out xx^2x^^Z 
te Q, and :r ;c— ?*• Hr ^ = 0, two iEquations ; the fout 
Roots whereof ;<p a? •— i ± V^, and ^ -sr 1 1 + V ^ |, are 
the fame with the four Roots of the Biquadratick ^Equation 
proposed at the Beginning, at^ — at'— ^^^-f 12^—6 
:s: o. But thefc might have been more eafily found by th^ 
^tko^ of finding Divifors, explained before* 

G g Hitheit9 



iHftherttritwUl^Ace, I (appo&, to faave^ren tin Re^ 
aoffioni of j£4uati(Hii after a mcwe eafy and more genei^ 
, Way than what bat been done bj othen.' 
Tgn EMr^fitt *f Butliaceam(»]gthe&Opeiatiofuweo6xa 
bmj tut »f Biae- meet with comidex radical Quantitieay 
mtd i^Mntitm. which may be reduc'd to more fimtde'onea, 
it ii convenient to ex^in the Redofiioa 
of tbofe tlTo. Tfley axe |)erfoiin'd bj the ExtiaSiontof Roots 
Oft, pf Binomial .Quantities, oi out of Quantitio laoic 
cOmpouided, wfa^ laay be cof^a'd as Binonnal onu. 

■. [Bdc &VS '"thii. a already done in the Qufta cf the 
MiiSm.l4^i(4t ft nmn gmpU Skdie^t by mtmj »f the 
ixtneim (/ ReitSt we fbM hj ho moie of it here.} 




THt 
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THE 

Linear Conftru6lion 

OF 

EQUATIONS; 




JITHERTQ I bKK flwpo tbp Prop<a»i^ 

I TranToiu^tiqn)^ LuniB, ^ Reduftuim ^ aO 
I &wtp of ^4Vt{^." J haw ^ot alwa^ wjmd 

' tp n«d it, afl4 fQpKtimc? canpot l« iaid ooi^ 
without too tnucb Tediopftief). Jt i^na^s nbv only tp Ihejr, 
how, a&cr ^uatioot arf: ^uc'd to their mod coninioqi- 
ow Form, theii KooQ m^ he ejitndfil io N^ifibeiv. A^d 
fticre [he chief Difficulty Jies,iii obtjauuiing .the .two («,tliae 
iEirft Figurqt ; which puy be mpft commp^iotilly ooqe pj 
either the dcometiical oi Mechanical .CofificoJUon (^ ,aa 
Equation. Wiiuefoie I fluU fubioip it^e of ibefe C^n* 
itru^oiM. 

The Anticnti, ai we leani from Pappui, in vain endca- 
your'd at the Tiife£Hon of an Angle, and the 6ndiiig out 
of two iqean Ptopottioiials by a liglit Line and a Cirt-'Ie. 
. AftetwaiJ< they began to coiifidcr the Properties of fcveral 
other Lines, as the Cotichoid, the Gffoid, and the Conick 
$e£Uoni, and by rqmc of thcfe to folve thofc Problems. 
At h^gth, ihjM^g- more throughly examin'd the Matter, 
i^4 the Conicjt Sedi(xu being receiv'd into Geometry, they 
diftiflgiUfh'd PrAlcnu into three Kinds, wis., (i.) Into Plane 
ones, whiEh flci;vi|ig their Original from Lines on n Pl^ie, 
.va; ^ folv'd by a light Line and a Circle ; (2.) Into So- 
M4 Pn^ wi^ ir^.folvcd by Lines detlving tbeli Ori^- 
Ps 2 naj 
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tia) from the Confideration of a Solid, tliat is, of a Cone ; 
Cj.) And linear ones, to the Solution of which were re- 
quir'd Lines more compounded. And according to tliis Oi- 
nindion, we are not tofolve lolid Problems by other Lines 
dianthc CbnioK Seilions ; efpeoiajly if no other Lines but 
right ones, a Circle, ani the Conick Siflions," muft be re- 
cciv*d into Geometry. But the Moderns advancing yer much 
farther, have receiv'd iii^o Qeomptry all Lines that can be 
cxprefs*d by ^Equations and have diftinguifli*d, according, to 
the Dimenl^ns of the iEquatioi^s, thof Lines into Kinds; 
an j have Made iV. a Law, thgit yduarenot to conftrud a 
Problem by a Line of a fuperior Kind, that may be con- 
ftruded by one of an inferior one. In the Contemplation 
of Lines, and finding out their Properties, I like their Di- 
il^qdion of. them into Kinds, accprdinjg to the pimenlions 
9f*'th('i£quarfon8 by which they are defined. But it is not 

\:he jEquation, but the Defcription that makes the Curve 
to be a Geometrical one. The Circle is a Geometrical Line^ 
fiot becaufe it may be exprefs*d by an ^uatigtv but be- 
cause its Defcription is a roAdlate. It is not tl^ Simplicity 
Clibe ^Equation, tn*^ the Eafinefs of the Defcription, which 

' is to determine the Choice of our Lines for the Confiru£lion 
6{ Problems. For the Equation that cxprefles a Parabola, 
J6 more fimple than That that cxprefles a Circle, and yet the 
Circle, by reafon of its more ample Conftradion, 'is ad- 

' piittcd before it. The Circle- and the Conick Scftions, if 
you regard the DimenCon- of the Equations; are of the 

; fame Order, and yet the Circle is not number d with them 
in the Conftru&ion'oi Problems, but by reafon of its Am- 
ple Defcription, is deprefs^d to a lower Order, viz,, that of 
* a right Line • fo that it is roc improper to ixprefs that 
by a Circle that ijiay be e;cprefs*d by a right Line. But ic 
is a Fault to conftru£t that by the ConicV Se6fcions which 

\ may be conftrudted by a Circle. Either tlierfeforc you muft 

* take your Law knd Rule Bom the Dimenficms of jEqiA- 

* itions as^otjfefv'd in a Circle, and fo'take away the Diftin- 
^on betwceri Pl^he and Solid Problems' ; orelfe you muft 

frant, that that La^. is not *ft) ftriSly to be obferv*d in 
ines of fuperior ICinds, but that fomc, by reafon of their 
piore fimple Defcription, miy be preferred to- others of the 
fame Order, and may be hunit)crd" with Lines of inferior 
Prdersin the CbhOrudioiT- of Probfcm's. In Conftraftbns 
that are. equally Geometricai, the mofi fimple are always to 
h§ pr^fttr'dt lliif Law is fo i^iUir€ffal, its to'be without &• 

• - ■* ceptiOOi 
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eejjtion. But Alg^btaick Exprelfions add nothifg tp the^« 

Simplicity of the ConftruAion ; the bare Deicriptiont of the 

Uliies otily are here to be confider'd ; and thefe alone weie 

cbniider*d by thpfe Geometricians: who joyn'4 <a Circle virith 

aright Line^, And as thefe arp eafy.or hard, the Con- 

ftru;;tion becomes eafy or hard : And therefore it is foreign- 

to the Nature of the Thingi from any Thing elfe to^efta*- 

b!i|h Laws a-bout Cohftru^ons. . Either therpfoie let us^* 

lyith the Anrients,.,excluie all Lines beiides the Circle, and 

perhaps the Conick Scdions, out of Geometry,* w admit rail, 

according to the Simplicity of the Defcription. If the Tr^ 

choid were admitted into Geometry, we mighty by it^Meant^ 

^ivide an Angle in any given Ratio. Wou^^yqu theretbr^ 

blame thofe who fhould make Ufe of this..tiqe tq divide 

an Angle in the flatio of one Nuo^ber to. another;:, and cpn<» 

tend that this Line was not defiu'd by an j£quitipn, bqk 

that you ipuli make Ufe of fuch Lines as are de^n'd. by i£- 

quations ? If therefore, wheii an Angle waf to be divided, 

ror InAance, into loooi Parts, we fhould be obliged to 

;t:^Tip'g a Curve defin'd by an ^Equation of above ah hundred 

Dimenfions to do the Bufinefs ; which no Mortal ccmld de» 

icribe, much lefs underfiahd ; and Ihould prefer this to the 

Trcxrhoid, which is a Line well known^ and deicrib'd ealily 

hy the Motion of a Wheel or a Circle, who would not fee 

Che Abfurdity ? Either therefore the Trochoid is not to be 

admitted at all into Geometry, or elfe, in the ConilruSioQ 

of Problems, it is to be preferr'd to all Lines of a moredi^ 

ficuit Defcription. And there is the fame Reafon for odier 

Curves. For which Reafon we approve of the Trifediona 

of an Angle by a Conchoid, which Archimtdis in hia Imi- 

ma's, and Pappus in his Colle£Uons, have preferr'd to the In- 

' ventions of all others in this Cafe ; becaufe we ought either 

to exclude all Lines, belldcs the Circle and right Line, out of 

Geometry, or admit them according to the Simplicity of 

their Defcriptions, in which Cafe the Conchoid yiekk to 

none, except the Circle. ^Equations are Expreflions of A- 

* rithmetical Computation, and properly have no Place in Ge- 
ometry, except as far a$ Qpantities truly Geometrical (that 
is. Lines, Surfaces, Solids, and Proportions) may be (aid to 
be fome equal to others. Multiplications. Divifions, and 

• ftfch fort of Computations, are newly received into Geome« 
try, and that unwarily, and contrary to the firft Defi^n of 
this Science. For whofoever punfiders the ConflruSion of 
Pfoblems by a right Line and a CiircU, found out by the firft 

' Geomc- 
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OcetPtt ikia ns, ^Ul eafily perceive that Geotxietrjr waa in- 
vemed Ihat-ivci might expedit^opfly avoid^ fcy drawing Line^,^ 
the Tedio^nefi of Computafion. Therefore chefc two Sci- 
ences ooght fiot to be confounded. The Anti^nts did fo iii- 
doArioufty diftingirifli them from one another, that jchey ne-"' 
▼cr introduced Arithmetical Terms bito Geometry. And, 
the • Moderns, l>y confounding 1>oth, have loft the Simplicity . 
in whidi ail the Elegancy of Geofnetry confifts. Whj?re- 
^ofe that is Arichmeticaliy more fimple which is determiii'd 
by the more fimple iltquations, hut that is Qeometricalty 
t66re fimple which is determined by the more fimple draw- 
^ of yncs ; 'and in Geiona^try, that ought to be reckon'4 
h^ wMc* is Gcom^tricajljr mo^ fimple. Wherefore, \ 
jttught not to be blamed if, yirith that rrince of Matheim^r 
ticians, Afthiifedes^ and pther Antients. 1 m^ke U{ip of ttiQ 
Conchoid 6)r the Conftru^ion jof folia Problems. But if 
any one thlitks otherwife, let him know, that I ana here fo- 
Jlcie^^us not for a Geometrical Conftruftioa ^i:it j|ny ^ 
f^hiUfrttj 1>y wWjA I may the neareft Way find ^h^ Rppf: 
if tlie iEtjuation in Numbers, For jhe &ke ^hereof | ^^^ 
•jpfcmife this L^mm^tic^i trobleip. 

» * 

^ place the right Jjne BC pf a ^ivf$f L^^fh^ 

\ p) b^tVieen t%»a Mh^ ^iven Lines AB, AG^ 

... that being produced ^ it fi)all pafs through the 

" g^veii fpbft P. ! 

T^'Aie line BC turn about the Pole P, and at theiame 
time moves os} Its End C.upon the right Liiie AC^ ij^ 
,-ptner End B Ih^ll defcribe the Conchoid of the Antien9» 
.^Ict tins cut the Line j^B i" t^le Ppint B. Join P B, anil 
"Its fitr^ J?C wfll be the .righ^ Line, which .ws^s to be 
^n^yn. And^ by the fame ]^^w, the lin^ B CT^may l?c drawn 
-^lete^ inilead of ^C, foo^e (j;urve JLii)e is ndaUc Ufe .of.. 

If any do not like this Conft/uSion by.aCpnchoid, a^p- 
. tlier, tlone l^y a Conick ^eflion, may be iubfli^ted in its 

Tooio, 'FroQi the Poiiijt P to the right Line AD^ AE^ drwr 
,'fD,f^, n^aking the Parallelogram £ /4.DfP, and.from t}ic 
. Points CandX) to the right Lines >:* B Iptfall.tjjc Pei^pen- 

titculars Cf, PG^ 2^ ajyTo jErpm tlj(^ ffw^t $ /tp rthp j?^t 
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line ACL p;0^*d. towards ^, let &d) ^ P^eipttidkidtt 
£H, and making ^2) =3 4, Pi) 4=*, BCsic, AGzsid^ 
Aizs: AT, and-rfCss:>, youllhavc^D i AG ii AC: AF^ 

5ftd confequcntljr Atts.-^. Moreover, you'll have ^JI • 

n ... 

-if C :: PD : CD, or * : J :: 1 : 4— > Thewfoyefcy =i:^< » 
^^yXj tv(ihich is an iEquatton cxptdfive of an Hyferbdtai 
And again, by the 13th of the 2d Elm. . BCq Will be d:^ 

ACq^A'B(i'^7.fAt^ thati«, ^c^jj + jr^ — ^4^. 

Bcftft sacs of the farnicr jEqoAtlon being mukiply'd by 

-r-, take them from both Sides of this, and there will xe-? 

iiuiin r^*i- — ^^yj -^xx^^h^a;^ an iEqtiatian ^it* 

jreffing a Circle, where x and pi are .at right Ang^ks. WherC'^ 
rare, n you make thefe two Luies an Hyperbola and a Cir- 
^ hf the Help of thefe itquatiohs, by theiir Intcrfiaion 
you'll have x andjf^ or A£ and AC, which determine the 
Foffitloh of the tMH Line BC But thofe right Lines wj31 
fci cbmpouAdW alfer ilhis Way, 

Draw atjy ^Wo i^t Linta, *?: equal to :;ifto, ind' JT^W 
eMUfl^o PD. cdmainiAgvth^Wit Angle MKL Com- 
rifeit Acf^SraMdoferififl If Lvttlvi'jwd tolth^he Arymp&'tes 
£'iV, ^iZ«; dtfttike ikough Bfe 1?6inr X *e Wyperbola 

IKX. 

On KM produced towards JST, take KP equal to -^ff, 
and KQ^ equal to BC. And'tWv ir!L produced towards ^, 
take K R equal tOr^ H, and R &equal to ^ SL jQ>mpkac 
the ParalMo^kifi F JST* % and from the Center T, at the 
Interval T5, deCcfibe a Cirde. Let that cut the ^perbola 
fctfee l^oitft X. XtX fitt'to Kf the-PerpendiciJarJn^^ and 
J^^iD be e<iual*t6:W^ and :^>qual to y^k 'Which 
1:^0 Unety Ac^^uA At^ Cx^omol then^ with the $qfpt 
P, dfeteriiiiftie ItKc ^bfitibh Toqg^t <)f jthe ririit Line i C To 
demonflrate' which Conftni£don, atid its Cafes,' according 
to the rdifferen^ Ca&i of the Prpblem, I fliaU not herq in- 
181. #«f*i^tw^?iM.l - 

, . Iflajr, )b| 1^ Cdbllniaiat), -if^iytja^ifik flfy ^wiy 
folve the Problem* But this^So^tion is too^ompo«K?ded€Q 
ferve for any [particular] l^fes. tt is only a Speculation, 
)M Gtpmetrical Speculations have juft as much Elegancy as 
:;>'.:: t - ■-• ^.- - - Simplicity, 



JSimpIicity, and dcfcrve juft fb much P;raifc as t^ey can pro* 
iDiie Ufc. For whkh Rcafdn, I prefer the Conchoid, a* 
tnoi&h the fimpkr, and not Icfs Geometrical ; ahd which is of 
efpecial Ufe in the Refolution of i£quations as by us pro- 
posed. Piemifing therefore the preceding Lemma, we Geo- 
metrically.conibud Cubick and Biquidratick Problems [or 
which fiuj ke reined te GAkk ^es\ as foUovvs. [V^idt Figstr^s 
fi2 4nd 95.3 : ^ . 

Let there be proposed the Cubick ^Equation x^:)f^qx 
^r=:0^ whcffe fecond Term is wanting, l)Ut the third is 
denoted under its Sign -^ (j, and the fourth by + r. :Drawr 
ariy right Line, KA^ which cair». On KA, prodoc'don both 

Sides, take jt^ = - to the fame Side as JC//, if q be pbfi- 

n 

tivjp,: odyerwil^ to .the contrary. Part Bifedl BAm .(^ ami 

on Kf as a Center with the Radius KCy defoibc the Circle 

CJT, and in i% accionimoaate the tight Line CX equaf to 

• • • ■ ■ . * * • , 

T ' . ' * ■" 

: — ^» producing it carckWay; Join.^Jlf, whickprodacealfo 

Ixjth \Vays ;r tfeen between the Lines CX and AX infciibc 
£rof theXame Length as C/i, and wjiich^being produced,, 
may. paft throM^h tl)ie Ppint if ;^then (hi^I Xf te the Root 
of the ^Equation. \yUt,f}zf^^ 94A , An4 of thefe Roots, 
thofe will be Affirmative, wfich rail from JIT towards C, and 
thofe Negative which fall on the contrary Side, if it be + r* 
but contrarily if it be -—r. 




fratton. ' ' I . 

To demonftrate whi^h, I premife thefe Lemma*s. 

Ie MM A I. rX-.JK: : CX : ^ E. ' 't^aw ^1=" parallel 
to ex.; then bccaufe of ihe fimilat Tii'fh^les 'jiCX, AKPy 
vniETX, £^F, thereis ytfC -.AKiiCX: KF, ind tX 
:rE.OTACi:KF:K£i and therefore b* Equality TXi 
AK'.xCX'.KE. Q,E.D. • • 
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Lemma II. TX: Afi i:Cr : AX-^ K,E' P w ly. 
oatpofitioo of. Proportion TX: , 



Cr^'.AK-^KE. qi,E.D. • 

• - ■' - ♦ .' . 
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j.i.Bkm^nd rKqf^CKqzuCrq-^Cry^CX^Cry.rX. 
That is, if the Theorem be refolv'd into Proportionals, CX 

f'E^CA'^CK^J(,E^BK. And rK + CK-izTK 
^rk-^CA + CKsr KE^AK,) Whercfdre CY- : ICE 
'TrBK ixXE'^AK: TX. But by Lemmd n. CTiKE 
^ Ak} rrX : AK. Wbcrrforc by BciwlityrXzKE'^ 
J$K : J AK". rXi . ox JCJfe— JJX* iTX : .TXiAK* 
Q.£ D. •; 

Thefe Things b<{iog p^emifed, the Tbeotem will be thuft 
demonflrated. , • . . 

In the firft Lemwd^ rXzAK:: CX: KE, ox KE X 

TXiszAK^CXi atKl dn the third lAnmd . it was proved, 

that KE-^BJLxrXirXxAKk Wherefore, if the; 

Terms of the firft Ratio of (he laft Proportion be mnltiply'd 

by rx, it will be KE x r Jf — B K^lXXx XYq : : TXz. 

^^, that is, Al^yLQ^^BK%YXirXqx\rXiA^^ 

and by multiplying the^tremes and Means into themfelves, 

it will lie 'AKqi^'XC^AK^BK>ArX±zrXcHUl 

Therefore for rJif, AK, BKy and CJf, re-fubftituting *, 

^ * * y* 
If, ^ , andf— , this iEquation will arifc,, vi*, r^^qx^^ 

^ . •■ lilt- .• 

x}. Of E D*. I need not flay to fcew you the Variati- , 
onsoftlw; Signs, /for they will be deternjin'd according to 
the different Cafes of the Problem. ' [' r 

tet then an Equation be proposed wanting the tliird 
Tctm, asir^-hp;r;r-fr=rO; in order to cotifiruS: which,* ^ 
take n for any Number of equal parts ; take aUb, in any ^ 

right Line,^two Lengths KA'rz — , and KBz=:f^ and let 

theiQ be tal^en the fame Way if r and p have like Signs 4 
but .qther wife, take thorn towards contrary Sides. Bifi^ 
BA in C| and on JT, as a Center, with the Kadius KC, de- . 
fcribe a Circle^ into which accommodate CX=: if, producing 
it bod) Ways. }oin AX^ produce it both Ways. Then, '. 
between the Lines' CX and AX drzw ET-szCA^ fo that if 
produced it may pafs through the Point K ; and KE will 
be the Root'of the jEclultion. And the Roots wiD be 
Affiri^ative,, vfhen the Ppint T falls on that Side of JiT which, y 
lies, toward C; and Negative, when it falls on the contrary 

H b Side 



side fR X, provided it le 4-j*; but if it be^^r; it wiff be 
the Rererfe of this. 

To demonfirate this Propofilioo, look back to the Figures 
and Lemma'f of tliie former ^ and then you wiU mA, it 
thus* 

By £m»m !• rXiAKi.CXiKE, or rX%KE^ 
AIC%CX, and by lewmu 5, KE-^ XB^tXtiTX : 
AK^ or, (taking KB towaida contrary Parts) ^ £ -f- iF9 
: tX.i t rXi AX, aod therefow KE + KB inultiplird 1^ 
KE wiH be to rX%KE : (or^JCx CJT) :: TXx AJt 
6t$tGX:KE» Wherefore multiidyir^ the Eactreains and 
Means into themfelves, KE oAe -^r XBy. KEq ^AKk 
C Jifjd ; and then for KEj KBj AK, and CKy reftoring dieir_ 
Sohflittiteis yoo will find the laft i£qua6on to be the fame 
with what was ^pos'd, ;if^ -|t-p>4f =r, or x^\^X9t 
dkr-aao, 

' b^ an ifiquation^ having thee Dimenltons, and wsmtiti^ 
no Term, beprop(»'d kittusFosoi, x^J^^xx'^qx^^r 
ss Oy fbiae or wtiofe Roots (hall be Affirmative^ and fomr 
Negiulve 

&d firft fuppofe q a N^ative Quamtityy then in any 

right ^plnc, aaJTBi ly^t t^ Lengths be ^diE^, as JC^s?.-, 

and XB:=zp, and take them tiie ikme Way^ if p tod 

- have contrary Signs ; but if their Signs are ajike, then 

take the Lengtl^ contraiy Ways from, the Point JC BJfe^ 
^6 in C, and there creft the Pcipendipular CX equal- to 
the Square Root, gf the Term q ; then between the, linea 
AX an?. CXy producrd infinitely both Ways, inTcribe the 
. right One BT-szACy fo that being produced, it may pala 
cfatotigh* JT; fo IbaB KE be the Root of the iEquation, 
whiflrwill^be. A^n^tiye when, tl^ Point X fidl% between: 
A and £ •/ but Negative when the Point £ fidls on that 
Side of the Point X winch is towards v^. [Hde Figure j^."] 
1£ f had been an Affirmative Qoantityy then in the I^ne 
KB'^ you miift have taken chofe two Lengths thus, t^. 

K4:sz f/^y and.A'fi = -^--u aud the &me Way (rom 

p K'JT' 

Ki if 4/—^ and 4r-\ hj^ve different Signi j but xx^ntrary. 

Ways, if^ the Skns are of the Um% N^^ire. BA alfo inuft 

''•'•'••■ •' *be 



be bifeOed in C\ and there the PeipefldicQiar CJiT eie^ 
equal to the Term p ; and between tot lines AX fuid (Xl 
Infinitely drawn out both Ways, die right Line £ T muA 
a[fi> be inlcribed equd to AQ and ihadVp Ftt&thmuRh the 
Point X, as before ; then wodd Jifr be tHe Ko6t of tiie JE^ 
quation ; Negative when the Poiiit X fliould fidl betv^pch 
HiME, andAfErmative when the Poinkrf^oiatfafeSide 

(If die Point JIT towards C 

■ «r 

t 

Tbfi Demonjfration of thejtrji Cafe, 

1^ the firA Lemou, KE vutuCXtf^AKtoTi^^ mi 
(by Comppfition) fo KE + AK, i. e. KT-^-.KC h tg CX 
^rX, Le. Cr. But i n the rig ht-a isled Tria ble KCT, 

tc^szrKq—KCji s= xr + xcx icr— iro, *dd by «& 

felnng the equal Tmiu into Ptoportipt^it, JCT-i-fCC i$ 
to cr M cr if to JC^— ITC; 01 J:£ Hr AK isto Cr ay 
cr i« to £jt:^J?4. Whenfort lioce KE vfutoXiCH 
this FMpoitioo, by Dufdication KE§ yfui be to CXq aa 
XE-^AXta KE^ K3, aiid by nmftipiyiiig.the Birtitii» 
and .Means by themfelves KSeubf—r KB 9e KEq ^CXm 
^Kk -^CXqyiAK. Aiid by ^l|oiihjj[ ];»% Ibtdieiyit 
lues if*<^j>«xsEfX't-r» 

T&tf Demonflratidn tf the fecond Cafe* 

By the fiifl Lemma, JTE is to CJir ai wtf IF ii tb fir; Mi 
ly mnltiiJying the Enreamt and Metns by tBei^fdteiu JTB 
X r;ir sCJTx >iX. Tberefort in the ttec€dine GU*^ bMt 
ItE X rX for CJr X ^JS; and it wiO be KEaS.i^KBlt 
kEq^CXq^KEJtrCXy^KE^ItXi ahd by di^^ding 
aOby JTE, there wiU be KEq^KBuKE^CX^-^CX 
X rJT; th^ multiplying all by AK, aiid you'll have AKx 
KEq^KSy(KA%kE^AKyii:iA'\'AXrn'CXlC 
TX. And again, fOt KEktX infic^ of iti eq^ CXk 
AK, then AK^KEq^AK%Ki%KE^EK*CX 
%rXJ^KE%rXa\ whtaee all beiM divided by JiT^ 

thfcte wittarift^lr}tj:£-.>^J!:XKi = fjr^Cd!'4 
YX^ i and when aB aM muB^f d by ril^ tileife viO be 

-^^ii^£xrjir— ^jt)t jr»xri)rj^rXfxCir+rjr 

<^. Arid inflMd cff i(r£ x rjT.y uk^ retnt, ^cjr 

K^ jT, and tbn CJTx ^iTf— ^ X^X K JT X rjr = CX>c 

Hha rX| 
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TXq -^-TXcuh^ or, which is the fame Thing, rX ctAe + 

CXy^rXq^AKyf^KBy.rX^CX%AKq'=zO. And 
by fubflituting for rX, CX, AJC'snidKB, their Valnes 

» - ' gii 

*j P» (^ J q^*^*^^^ this ^Equation wil]<x)me oat, x^ 

. { ^ p ^*t "f^r . , ' /'J . 

^pMX+qx + r:s:0. 

; gut thefe ^Equatiops jaw alfo folv'd, by drawing a ; right 
line from a given Point, in fuch a Manner that the Part 
of it, which is intercepted between anotlier right Line and 
a Circle, ^both given in Pofition may be of a given jLength. 
inde Fif^ure pSy 

For, let there te pfopos'd a Cubick ^Equation x^^-^ gx 
jFr=r;o, whole fecond Term is wanting. Draw tlie right 
Xiiic KA at Pleafure-; which caM ». In Ky^, . produced 

l)Qtb Ways, take XBz=^ - on the fame Side of, the Point 

^X" as the Point -/df is if ^ be Negative, if not, on t6c cOfi-i 
traiy.. Bikdt BA in C, and from the Center A^ widi the 
JMdS\<:xACy defaibe a Circle CJK To this infaibe the 

fight line CX^s, *-, and through the. Points K^ C, wd. X 

flefcribe the Cirde ICCXG. Join AX^ and produce it tiB 
It again cuts the Circle KCXG laft defcrib'd in the Point 
C* Laftly, between this Circle KCXG^ and the right line 
JTC produced both Ways,' infcribe the right Linc£r=: 
AC^ fo that £ Y produced pafs through the Point G. And 
£(7 will be one of the Roots of the ^Equation. But thofe 
Rcbts'are Affirmative. which fall tn; the greater Segment of 
kha Cixde KGC^ and Neg;ative which fall in tfae'lefler 
HCFC, if r i$ Negative, and the contrary will be when r f» 
AAri&ative. \ :. :. 

In order to demonfljrate thisi Cpnftrudi^, let us premife 
the felloiving Lfnynw^tf; 

: Lemma I. All Things being fupp(?s*d as inthe. Con* 
fiiibSti^ CEUtoJCA^ CE + CX is to^r^ and as CX 
'toMT: •■ ' * . •,/•/. .^'"- 'j .' ' 

: yFqr the right Lin^ i(Gktm% dn^wn^ yACi%to AK 9sCX 
m » jr^?;. tccaufe the TuaogJea AQj^ and AKG Jixt^ Si- 
mUxL: Thf Triples r^ecr-^e :4!:e.alfo.Similarf for 
the Aode H T is €01dii|ioh tp'i>oth Tri^^ngle^, aad the hjn^ 

G miCmixitUfym Segn^6n( JCQC DtthtCixckSGC^ 

-''^ :>. it II ^ 



1 237 1 

and therefore equal. . Whence CE will leto ET3» K6 to 
Kr, tbi^UyCE to A CsLB AGto^r, bccaufefrand^C 
were fuppofed equal. And by' comparing this with the Pro- 
portionality above, itwifffoUow by Equality of Proportion 
tii^t CE is to i( y^ as CX to K Ty and alternately CE is to 
CX as Kji to F r. Whence, by Compofirion, CE + C-C 
wiHbcto CX^s Kji-^-KT to KTy that is, ^rto^r, 
and alternately CE + C jf is to y^r as CX is to AT, that 
is, as C£ to XA. Q, E D. , /^ 

Lemma IL Let fall the Perpendicular CH upon the 
right Line or, and theReftangle 2H£r will be equal to. 
theReflangleCfxCX 

For the Perpendicular GL being let fall upon the Line^ 
jiTy the Triangles KGL, ECH fitve right Angles at L and 
H, tod t^e Angles at K and £ are in the fani'e Segment 
CG K of the Circle C K EG, and are therefore equal ;jcpn- 
fequ^tly the Triangles are Similar. And therefore KG (m 
to A L z$ EC to' E Jim rMoreover, ji M bring \tt fafffioin 
tjie Point A perpendicular to the Line K G, becaufe AK mm 
equal to AG^ KG willbebifeaed in i^; and the Triangles 
K'AM ml KGL are Similar, becai:de the Adigle at K ia^ 
common, and the Angles at M and L are right ones ; and' 
therefore ^ JC is to A: iW as A^G is to KL. But as y^i? ia 
tpKM fo is 2^ K to 2KMy or j:G 5 (and becaufe the 
Triandes'!/*A:G and ACXm Similar) fo is 2AC to CXj 
alfo ^caufe AC=Er) fo is 2£r to CX Therefore* 
2Er is tq CX as J^C? to KL. But KG vms to KL 9m 
EC to EHy therefore 2 £r is to CX as EC to E Hy and fo 
theRedangle 2HET (by multiplying the Extreamsand 
Means by difemfelves) is equal to £ C X Cjf. Qj E. D. 

Here wQtPPkthe Lines AK and\^G equal* For the 
Reflahglea C-^X aind XAG zit equal (by Car. to 55 Prvp. 
of the 3d Book of Em.) and therefore as CA is to XA fo is 
AG to AK. Put XA and CA are equal by Hypodiefis 5 
thereforev^G = ./^#. 

Lemma IIL All Things be^ng as above, the three 
Lines Br, C£, KA are continual Propottionals, 

For (by Prep. \2. Book 2. JS/ew.) Crq-^zETq^^CEaJi* 
2ErxEJf^ And by taking Er^'from both Sides, CTa — 

Erqz=:CEqT\'2Erf:tSm^ic2tr>(EH^CE>cCX 
(by tw2\3!\ and by 4d(ttng C£j td both Sides, C£^ + 



t=:C£q'\^CExCX that is, Cr'{'Ery(Cr^Er,e: 
C£^ + C£ X C-C And by rcfblYipg the iequal Refianglcs 
into proportional Sides^ it will be as CiE -{- CX it to Cr+ 
£); fo it Cr^ET to CE. But the thite Line* £ r^ cJt, 
CB^ arc equal, and thence Cr+£>'=Ci'+C-rf=^r, 
and Cr—£r3cCr—C5=2Jr. Write ^r far cr + 
£r, andjSrfor Cr_£r, andit wil]beaaC£ + CXis 
tor^foisi}rtoC£. But(by£fiir. I.) C£istoli:^a3 
CE^CXiM toAr^ iSxttSoitCEntoKAzMBruxo 
CEj that it, the three Lines £r, C£, and JC^ an continual 
I^poxtionalt. Q, E D. 

Now, by the Help of tbefe three Lemmai, v»t may de- 
tnonfoate tne GonftrufUon of the preceding Problem, th» : 

Byi:.m.i. C£ it to ir^flt CiT it to JCr, CoKA^CX 

^CE%Kr, and by dividihg both Sides by (:*£, ^^S^ 



3bK:« To lliere equal Sidn add 5Ji; and 9^ -f 

id^'^Sr. Whence (b, irw. 30 flie+5:^ 

htoCS^CE Utb JCAy and thence, by rndti^lyim the 
BxcteaiBi arid l/kan* by themfellre^, CEq=iBKlt KJl-^ 

5^^^^^ ,a|id both Sides being tddltiply'd hf C&i C£ 

aK= ^f X ^«^ X C£ 4- JTy^^ X ex. CE wai called », 

the Root of the jEquation J(As=:h, J<r5= i, ^ Ci's: 
, ■ • • ■ Ik " 

-. Thefc being fubflituted inftea<i of C£, JC^. JiTfi, and 

CX, there will atife fhfe JExpitticn^ j^' =^4? + r, or « * — 

i^jr-*-fr±05 whed ^ knd r are Neg^tivet, kAmAKS 
laving been taken on the &me Side of the Poifit JK^ ixA 
the Affi»mative Root being in the greater Segm^iit CO JC. 
Tbit it one Caie of the Conflru£tion to be aemohftrated. 
Draw KB on the contrary Side, that it, let itt Sign be 

changed, or the Sign ot -S, or, which it the Baii Tbtng^ 

It 

the Sijgn of the Term f , and there wiB be had the Coni< 
ftfoaioq of the £giuw>n i^ + j*— •rsso... Which it thf 
other Cafe. In chefe Cafes* (?X, and the Affirmative Kooa 
Ct, M towards the fame ^aitr of tfie line AJt. tet CX 

' ' - - - •■ • ■ ' • and 
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the Sign, of CX, or — , or (which ii die fame Thing) r is 

ch^nj^ ; and thjb wiJ] be the third Cafe 9f\ + q^x -(^ r^^o^ 
vheze aljl thjB Rpotf are Negative* Aod agaAn, wl^ii tdwt ^ 

Sign of KB^ OS ^^ or oriy ^ i^ changed, it wiRbetiie 



fbmth Caft^r'— fx-|*^=o« The Cooftraaions of al} 
theft Qaftt may l)e ^^y run through^ and rarticukrif de* 
monflnted after the fame M^ner as the ncft was ; apd 
vith the fame Wordb, by changing only the SituatioQ of the 
lines. 

Now kt die Cubkk iEquation st^^pxx^f^-^-r^iOl 
wjfioft third Term is wanting, be to be coaftru&d. 

Ill the fame Hgiire n being taken of ipiy Length, takeiiit 

Vij/VilStAMiTi^^ an* 

take them on the lame^Side of the Point j; if the S^of 
the Terms p and r zi^ the fann^, othecwife on^ contiaqr* 
Sides. Si&a BA in C, and from the Center K with the 
DiAsMKe iCC dejfcribe the Circle CXG. And to it iitfcribe 
the rights I4ne CJT ^qqal. to n the a^Qied Lepgtj^ j0in 
jijt ^d pK)duce: it; tp.^, fy thajt ^& may be equsJi to AIC^ 
and throi^h the Points K^CyX^G d^fccibe a Qcclp. And^ 
laft^ir^ between thisCijrclc and the right line KQy peodtK'd 
bod)' Wajrs, di^w the right. Line, frss^Q (b m^ beii^ 
produced it maj^pafs thromgh. the Point G ; then.tht xighft 
Line KT being, prodop^d, wil} be. one of dbe Ropta of the 
iEqiiatign,, And thofe, IU)Ots are A^irmative which faH oa 
tha^Side of the Poiiit^JCQa. which, die Point ^ is on^ if r 
is Af&cmatiye ; but if r is Ni^sntlve,^ thef]i. the AfSiimalive 
Roots fall on the cootr^r7 S&ae. , j^nd if the Affimattve 
fall on one Side, the Negative fall on the other. 

This Conftruftion is demonlh-ated by the Help of i^ 
threeJafl l^emffd^s afov this Manner : 

B/the third Lemmdy B T^ CEj KA are continual Pro-^ 
portionijsi;^ aad^y^ Lmm j. zz.fE. KtP KA fQ i» C JTto 
J^W TJierefbre JT isto CE ai CJT to KT. BT^KT 
— ^fi,, Thcwftse Jifir^KB n toCE^e XhtoJCn 

m^k.KV'^JtB irta CE ibis Kr^KBycKrtt^CR 
y^ KV^ httnp. t.B9$i & &U. and-b^caufe of tbePropor- 
^9B9h<iE\to.l()An^QXtf>JCrkeBMKrtsXAicCX^ 

There- 



THeftfefe Xr^'JrB'yc Xr M to /T^ x CX (as iifr-- JT ^ 
to C£, thtt «, as CfT tci XT.. Ap d by ^dt ipiymg the 

Ectieanu and Means by themfelves 'XT—'KBy.KT^ s? 
J:-(^ eJjfi; Vtatu,.KYctS\ ^KB'xKrf—^'A-)iCXq. 
But in thb Q>nflni£Kon Kr was x the Root of the i£qia- 

tioft, KB W4sptii=p, 1:^=-^, WCjr=j». Write 

th^jwj^ftf *♦ ^i — j:. ai4 » JG» Jfr, liTJ?, K A, aid CX re- 
ijpeaiyclyji' ir^ —fxis will be equal to r, . or ;i:' -^pxx 

This Conflro£liofr may, be »ibWd' i^ito; fc^ Cstfesof jE- 
quationSy «' — pAr^^r'acO, Jf*r— ?^^+r=3:0, ;if' -+■ 

p«*r— r — 0, and at"* -^pflfAr^r^^^Q* The fifft Cafe I 
rave already demonflrated ; the reft are demonftrated with 
Hbe fame .Words, only diaigingf tbe'Sitdatlon 6f €h^ linev 
, To wit, as in taking K^ and Xi! op the fame Sicle of tbc 
2cmtK^ arid the Affirmative Root ^ r on the contrary $ide,. 
has alieady product Kraib. ^KBic Kta 3= JST^ X CXq, 
and thence x^ — pxx — r=:o ; fo by takine; KB on the. 
other Side the Point if, it wfll piodiic^, by the like Rea-. 
foniiig, kraih.+ KraycKS=:kA'^CXq, arid thence 
** + f AT^r— r =: 0. And in thefc two Cafes, if tlje Situ* 
aiSori of- the Affirmative Root KT l>e cbangedi by faking it . 
on the Other Side of the Point JT, by a like Series of Argu- 
ments^ it %ifl fail into the other two Cafes^ KtcfA. + KB 
X JCTf '-= — JT-/* %CXq^ or x^ + pxic\ r:i=o,' and 

Krcubi^KBy^Krq:=^'^KA%CXi, otx'-^pxx^ 
r^6. Which were all the Cafes to he; demonftrated. 

Now let this Cubick JEq[uation at* +pxx + 5* + r'szO , 
be proposed, wanting no Tirm (tinlefs perhaps the third). 
W^ch is conftni£led af^r this ' Manner : Tf^Ue FiztireiQj 



n 



take n at Pleafure. Dnfw aiiy right LineGC=^-v 

and kt the Point G erejS k ]p'erfcndici!i]^%(?. DssiiZ-^ and 

■ - •• ••■"... . -. . -p » 

ifv, ihe 'Terms p and f have- contraiy Signs, from the 

G^er Cy with the loisprvaljCP defoibeA Gifcle-7B£. If 
they hzve the faiM Sim. /SrCMUlbeCentervD; mth die Space 
GC^ de£:ri^ aq 9cg^ jCueclf, cuit&fgthe tight line G^ in 



J7; then &om the Center C, with' the Difla«ce)GF.d?^ ^e? 
fcribc the Circle PBE. Then make G^ =— ? — — on 

-J fir 'ft-p 

the, fame Side the I'oint G that C it on, iS now the Q^iaa? 

tity — ^ — — (the Signs of the Terms ^, ^, r in the £^ 

qiiation to be conArtl£ted being well obferv'd) ihould come 
out Affirmative ^ othcrwife, draw GA on the other Side of 
the Point G, and at the Point A erefl the Perpendicular 
AT^ between which and the Circle PB£ already defcrib'd^ 
draw the tight Line E T equal to p, fo that being prodqc*^ 
it may pafs through the Point G ; which being done, the 
Line £G will be one of the Roots of the ^Equation to be 
conflhiited, Thofe Roots are Affirmative where the Point 
£ falls between the Points G and T^ and Negative, where 
the Point £ falls without, if p is Affirmative ; and the 
contrary, if Negative. 

In onier to demonftnite this ConArufiion, let us pxtmife 
the following Lemmas^ 

Lemm A T. Let £ F be list fall perpendicular to AG, and 
the right Line £C be drawn; EGq -^ GC^zszECq-^ 
2CGF. For (by Prep, 12. B^ok 2. Elem^) £G^s=:£C? + 
GCq ^ 2GCF. Let GCq be added on both Sides, 
and EGq + GC^i == ECq +_2^C?Cj. + 26CF. But 

2GC^+2GCP=2GCkGC'+CF = 2CGF. There. 
fore£Gj + GC^^£C^ + 2CGF. Q:E.D. 

Lemma IL In the firft Cafe of the Conftruflion, where 
the Circle F B £ pafles through the Point D, GEq-^GDq 
= 2CG F. For by the firft Lemma EGq ^GCq^ECq + 
2CGF, and by taking CGq from both Sides, EGq^ECq 
^GCq-^lCGF. But ECq ^GCq — CDq^GCq 
xzGDq. Therefore EGq zsGDq + 2CGF, and by 
taking GDq from both Sides, EGq-^QDq^iCGF. 

Lemma III. In the fecond Cafe of the Conflru{Honj| 
where the Circle F CD does not pafs through the Point D, 
fG^ + GDj — 2CGF. For, by the firft Lemma, £G 
+ 6C?:ii£C?4-2CGF. Take £C 4 from both Sides, an 
EGq^GCq^ECq^zQGF. But G C»P ft and *i 

I I KW. 
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_ jst?a. Thr^ferc (?Cf— ^jCfscDHff— GH^ 
= (7ti5f, *ndfo£6^ + 6D^5=2C(jF. Q.E.D. 

Le^ma IV. GryC2CGF = 2CGycy1GE. For, by 
tdHfon 0^ the fiibilar Ttiaftglee GE P and G r^, jw<j F n 
t» 6 £ fo is ^6 to G r, that is,, (by Prop;.i. Bool 6. Eltw.) 
a8'2 C&X AG is to 2 CG X or. Let the Extr«ains and 
JMeifi8beii|uttip]y'<l bythemfdv^t, and %CGY.Gr%Gt 
'ts:2C6%A^G%CA QtE. D. 

Kow, by the Help ^f thefe Lemmas, ijie Cooflxu^on of 
the Problem maty be «;lius denoonftrateil. 

:iiithe BrftCafe, £04 — GZ)fl = 2CGf (by Lemma 2.) 
an'dV«^ltii^ying.alJ by Gr, EGqycGT^ QD^. X (?i 
c= 2 C G F X G 1.= (Jby Lemma 4.) 2C<? %^AG E. InfleaS 
of G r w,rxte £G+ £1; and £Gfirf. + £r x J^.Gij — 
Gl>q>^EG --GD^MBr:^2C CAxEG, oxeG cfib,+ 

£r X £G^ — GDq^ 2CGA X «G— ^Df X £^srO 
la the fecond Cafe, RG^-^-ODq^^CGf (by Lem- 
ma 3.) and by ranltiplying all by Gf^ EG^iyiGf^GU^ 
>cGr= 2CGF %Gr=z2CG >c AGB^ by Lemma 4. 
Inflead of i?r wAc: B^G &^r, and ZGM- + £r K ^Gq 
+ GZ>fl + £G" VGt>jX£r= 2Cg^x £^, ohEGc^ 

+ Erx£G^^ff%— iCG^xEG+OD^x^r— o. 
But At Root of the ifiquation £-G s jt, 6 D = A^-^, 

£r = p, 2CG=fi^ and G^=— 2*-. — , that is, ill 

n np 

the -firft Cafe, where the Signs of the Torms ;p and r tire 

diSesent ; but in the fecond Cafe, where the Sign of one of 

the' two, p orr, is cliartged^ there is -1- - + — = GA. let 

' ' ■ ' /n ftp ' 

therfcfere fi G be piit -= A?, G D^V^^ EY^p^2CC:^ii^ 

V . - / P 

and G^=:— "^ + — • and in the firft Cafe it^ifl ht 

n np' 

'at* 4-?*" "f<? + ^ ^ X* — r =r'o ; that is, jt* +p«?' 

■ P^ ^ P ' 

'j^ qx^r= zOi t^"t 'in the ^TecOrtd Gaffe," ;«?' + P^aJa? -{- 

w ^ P 

= 0. 
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so."^ Thextfatt in loih Cafe9 SG i$ tbe trti^ Value of the 

Sot ^ithei G^e .may be ^UUnguiik'd ioto ita fevcra} tVuF* 
ttcolara ; as the foroier into thc^, Af^ + pjfV-^ q*.— ?n 

AJ^~p4f* — ^;r-+r rr-^o, *' +p«^/— .ifrso; and *A 
— p*' ^ r.tsr 0'; ehd latter* into thfift^ at-* —t- p^^.H-j*^ 

sec, ;f*— p;r*— if*.— r==:o, x\^fx^"\rr::^Oj aind 
*' --rp** — r=so. • The DdiaonlVation t£ att vluQlxGa(<9 
l^9f be cavry*d on in the {ame Wrmk with the two alieafijl 
demonftrated, by onjy clianging tb^ Situation of . the 
lines. • - ^-^ T : :, '^ 

Thefe ate the chief CoBftruai^na of Piplblem^, bj(^ in^ib* 
ing a right Line given in Length (o hetY^eea a CircJte an<^ 
a light Line given in Pofirion^ that the/infcnb'd rifihtlinc 

Eodiic'd may pafs throMgh ^ given Poiot. ' And foch a ri jh| 
ne may^ be infcrib'd by defci^ibing a Conchoid, of 'whiej? 
let that Pointy throi^h which- the '\ii^\ ;Line ^iven. ou^hf 
to pafe,b^ tbe Pqle, (hp other right Lipe given i^n ^ofition | 
the Ruler orAfyoiptotc, and t\^ In^^ry^l^ th^ Length of th^ 
infcrib'd line. For this Conchc^i will cvit tlie Ciycfc iu xf^i 
Point Sf tbro^gh wWh the right Litve io.be'ii>fcfib'd m\m 
be diawn. But it will be fumciem in't*Ta^{lice to dra^^ 
the right Line between a Circle ana a ri^ht line ^XvkfX iq 
Pofition by a^y M^ ch^n^lc Me^b^d. / . . " * 

But in thefe Conflruaioos obf^rvc, t^at the Qpantity n if 
undetermiii*d and left to be taken at Plcafure, that th^ Cbi^- 
Anj£^ion may be mbr^ cphveni^itly fitted tp particular Pro- 
blems* yfic (hall give Ef ampies or this in finding two oieai^ 
t'ropbftionals, and in trifeamg an ^n^le, , 

IjOt X aiid y be two mam ^roport!oi}al8' to be found be* 
tween 4 4ii4 t» Bccaufe a^ Xy ^', (^ ^re .cgntinuil Proppjtip- 
nala,;^* vfill be to x* z%x to t, . tlmefcwre 4ip^ ^baa^oif 
^* — ri^^^sQ. Here the Terms p ^na j of the liquation 
are wjUiting, and ^^aab is in the rbqm of the Term r ; 
therefore in the firft'Forra'of the Conftrbaion?, where the 
irighc Lif|e £r teiiding tothe give&PpintJE; isdia^be^ 
tween other two right Lines, £jr and rC, given in Pofition, 

andfijppolc the right Line Cir=: — g-. .. > ■ ? - ^ let n be 

If n fflW 

Qik$a egua) to 4, and then CX will be. = — K Fronji 
whence the like Conflfu£Hoa comes out. ^ [f^i'dt figure 9^.] 

ri a I draw 
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I dtAw any Line, Jtv^:^4, and bifefi it in C, and fironi 
the Center , with the Diftance FC^ defcribe the Gncle 
CX, to which 1 inscribe the right Line C JTs^str, and be- 
tween A X and CX. infinitely prodoc'd, I fo infaibe £ T 
laC^y that £ T being produc*d^ may pafs through the Point 
K So if-^, XTi KEj CX will be contitiual Proportionals, 
that ta, JiTT and KB two mean Proportionals between n 
and ^. This Conftruftion is known. {^Ue Figmre loc*} 

But in the other Forin of the Conflrudions, where the 
right Line £ T converging to the given Point G is infcrib'd 
between the Circle GECXbsA the right Line ^JK; ^anS 

C Jf= — , that is, (in this Problem) =: , I put, af 

i^^yrtj ifs± 4, and then CX will be ==: ^, and the reft are 
dene as follows, {nde Figurt loi .] 

I draw any right Line KAzn^^ and bifed it in Q'and fiom 
tht Center -4, with the Diftance AK^X defcribe the Circle 
K6^ to which I infcribe the right Line KG zziih^ confti* 
tudng the l^^jctUs Triansle AUG, Then, through the Points 
CjK^G \ deCnibe the Circle, between the Circumference of 
ivhich and the right Line AK produc'd, 1 infcribe the right 
Line £ T^CK tending to the Point G. Which being done, 
AK^EC^ KT^ fXGr are continual Proportionals, that is, 
£ C and KT are two mean PropOrtidnals betweepthe given 
Qjiantities 4 and (. 

Let there be an Angle to be divided into thr^e equal 
Parts ; \t^id€ Figwrt 102.] and Jet that Angle be ACB^ 
and the Parts thereof 1:0 be found heACD^ £CZ), arid 
ECB; ftom the Center C, with the Diftance C-4, let the 
Circle ADEB he defcrib'd, cutting the right Lines C4, 

CD, CE, CB in AD, E,B. Let AV^ DEy ER be 
Join'd, and AS cuttihg the right Lines CD, CE at F and 
H, and let DG^ meeting AB i$i (J, be drawn paraflcl to 

CE. Bccaufe the Triangles CAlD^ADFj and Z)fC? are 
Similar. C-rf, ADj DF, and FG are continual Projjofiio- 
iials/ therefore if^C=4, and AD^szx, J)Fwillbc 

equal to ~, and f(?=r: —. And ABz:z BH ^HC -^ 



X 



i 



y^r-<?FK5iiI2— (?F-3*~-- L^t/T^^*, then 

44 

J2:33r— — , or;r»— 344Ar+ ^4>cs0. Herep^dicfe- 

•• - ■- . . - r, , 

. . cond 
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cond Term of the jEqimtioo, is wanting, and intffed'df q 
and r we have — 344 and 44^. Ther^ein the firfl Form 
of the Conflruftiorts, where p vi^tsso/Kji-sn^iKB^ 

? , and CJr= — , that ii, in this Problem, KB ^-r^t 

and CXsz — -, that thefe Qjiantitics may come out sis fim- 

nn , '"■....' 

pie as poffiblc, I put » = 4, and fo X£=:— 34. andC^ 
— b. Whence this Conflrofiion of the Piobiem cornea 

out. 

Draw any Line, KAt^a^ and on the contrary Side m|ka 
JC5= 34. [Vide Figure 103 ] Bifca B^ in C, and from 
the Center. K, with tne Diftance KQ defcribc a CitcIc to 
which inforibc the right line CJ!f==t, and the right Line 
AX being drawn between that infinitely 4>roduc*d and the 
right Line CX, infcribe the right Line Er=:-^Ci :and fQ 
that it being produc'd, will pais through the Point K. ' So 
XT will be = pc. But (fee the lafl Pigiw) becaufc the Cir- 
cle -/* D £ 5 =- Circle CXAy and the StAtcnfe ABz=: SMb^ 
tcnfe CXy and the Parts of the Subtenfes B H and XT ar& 
equal ; the Angles ACB, and CKX will be equal, as dlfo 
BCks XKTt andfo the Angle XKT wUl be one thiid 
Part of the Angle CKX. Thcrcfoie the third Part XKT 
of any Riven Angle CKX is found by inlcfi()ing the right; 
Lirie£r=s;^C, the Diameter of the Circle betweeo the 
Chords C^ and ^-^ infinitely produced, and converging ae 
K the Center of the Circle. 

Hence, if from JK, the Center of the Qtcle, you let fall 
the Perpendicular XHupon the Chord CJT, the Ai^e 
HKT will be one third Part of the Angle HKX\ fo that 
if any Angle HKX were given, the third Part thereof 
HiCT °**y ^ iowA, by let;ting fall from any Point X of 
any Siile XX^ the Line HX perpendicular to the other Side 
HJl and by. drawing JTB parallel to HK^ and by infaib- 
ing tHe ikht line TEm^XK between XH zndXE^ fe 
diat it be;ing produced may pafs chroiiigh. the Point K Oc 
thus. {Vide Piguu 104.3 

Let am Angle AiXJ^ be given. To qne of its Sides AX 
taife a Pexpendiculax XH^ and frqm any Point Kot the 
cdier Side 4K let there be drawn the Line JC£, the Pare 
ot wbkb ET (lying between the Side AX produced) and 
the Perpendicular XB.) is double the Side XiC» aod the An- 
ale KEA will be one third of the given Angle AXK. 

Again, 



^. 



(]^a.w|i,-i|thp(c PMtE£^ I>et\9«eo EBwi EZ, Jot lie ^^vh. 
hk lp;Kk, acid^the Ad^e ii^;F^ will bex;>M cbkd of this 
Angle KE A\ and fo you njay go on by acon^inuaj Tri* 
iir3ic»rof^aiV Angle vi^ infinitnm. This Mothod ts^in^ die 32d 
Prop, of the 4th Book of F^ppus. , 

fif 90\ft^vQidd>tnf«ft <aii An^« hf tfae;orher Fornix of Cock. 
ftrufiions, where th( right Line is to be iufcrib'^ between 

^MHI^ uaj^t Une^ apd % CiidcL heie aUo will £2 a 4* 
"^ ■ o 

lMCX±: —/tfat-ii; in the Pioblcraf we ar? now about, 

ygg; ^^^ ^ and Cir=.*4- ; ^(J ip bjf puqtif^ jiq;?^ 

Xt waibc :1s— jir, ' am! CJr=:JV Whence this e^nftm- 
aioh tomes out/ ^ *> '^ • ' 

Froto any Point 'IP let there be dr^wn two right lines 
towards the fame Way, KA r= 4; arid ii:^ = 5 4^ fn<|r 
f^m-e los*] Bife^l y^ B in C, aftid froni thfe Center ^ with 
she DiAance AC defcribc a Girde., Jo which infcrib^ the* 
right line C-JT—fi JoHvy^Jf, and proJuce it ti^ it cii^s 
she Cfrcfc again in 0. Then betwcai this C^clegnd th^ 
si^tXifie AQ infinitely produc'cL'tn&ribe the Line BT =± 
^C'Jftitf paiRng tfitoogh^the t^oirrt^ (?; and dierig^t: Lind 
Eff being drafwn, 'wHI- be^equal to. x '^hc Quanti^ (blight. 
kf wWch the tMrdPilrtbt theglvto -Angle ^ijj^tefuli 
tended, '^ l^ . . *'' '^ '/ . '** 

This Conflniflioif afifes from thf * ¥&tm above ; whicb^ 
however, comes ol^^betterthlui ^ Btcaiife the eitc|es J4p^ $ 
"andJTjr^ are eqoali arnJ alfo the Silbt^enfes CX^iA^f 
^he Angles CAT^oi'pAG^'^niA^W Are equal, thcrffori 
C i&' is the iSubteiifc of* orte thircj Part of-tfte Ai jglr i? A §. 
Whence irt any given Afelc JC^&r that its'- third Pa^t 
CAEmy -be' fouiMJ: ^infcf ibc ^he^right' Lin^ £ Y «qa« t^ 
the Sc Ai-Diamcwr A&^ if' theHjilrte^J^Ct?, bctw*ri tbfe 
Orcli'^d'thc m^XA;k>f tie ASfele, •^tnfiiiiteVppdic^^ 
and tending to the Point (j« IhuL^r^imeirs*' itttintfff^ 9. 
taught to trifea -aff Anglp. The'farte^KJ^iTflniaidi^ itrt* be 
moreeafily crjbl«iifd*%aft I- Tiave *ne herc^j .jBiit j^ tt<cft 
i wc^ld fliow how^, JWm the general ConftrttSfci?r 'of' fV^- 
fclems I' have iJ»e*dJr* explaiirdj w? jnjay-de^vc'tftie^mbjft 
fiflflj)k C^j^AniBfoils of |)sutiqd4t f robtelki^« ,; . .^ « 
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>B^fid^*ihe tdnflmaiorishm fet 4o^; tMi 'flight Hd^ 
ffiafvymc^t. IP'ide Af«rr to6.1 A» if' A^ Were t¥^ 
inemiPrdpdrtfomh tabefoand betw^n 4 and k l)niw 
any right Litic -rf-K~ *, * and perpendiccdlif to it j4 £ —*. 
Bifedl ;i^Xiti /, sifKl in AK put ?i'H eqcial t6 th^ Si^ 
1»rtfe 3 / 5 «iid alfo in the line AEl^ produced, M*iit' Svb- 
tenfe £ff. Theti in the Line j1K'6h theotber Side-c^ rive 
Foint y* trfloe AD o( »iriy Lengdi arid D£ cqo^ to it anil 
ftoie» the Centers D and •£, with the Diffances D^ftnd'£C; 
<kfctii)e dtwo Cireleti^ £Fand CC^ and between tbeih Qnhr 
^heiiglM; Line FG iqml to the right Line AI; alnfl tbn- 
-vergirtgat the Point :4, find ^F will be the flrft 6f the 
-tivo-rtean-Propoitidnih that were to Beftbnd, 

T\\t Aftcfems taught how to find' two mean Proportiohajs 

•by^tlife'CSifloid 5 but tio^ Body that i know of hath given a 

-goodMAHMial Dtefcriptidn of 'this Cnrre. [Fifrff Figt$re idyl] 

Itt^AG be the Diafti^r, and F the Centet of a Cird^ to 

^hicfi^he Giflbid belongs. At the Point F let the Perpeif- 

^ic«Uf TD be ereded, 'and produced in4nfinitnfn. And*Ut 

FG be produced to JP, thatFP may be equal to %he Dia- 

* meter t>f theCiicle. Lift the Ruler FED be moved^ ib 

♦that' the Leg E P iriay a^tways pafs tHibiigh the Pbint P/arfl 

<tlie othey^I^ ED muft be equal to the Diameter AGy ot 

F Py with its End D, always moving in the tine PD ; Wd 

the middle Point C of -this Leg will defcribe the affoid 

G CK which was defired,' as haa been ^already 'fli^wn. 

Whercftre, if between ai^y two Qoamkies, 4 and *, theite 

be two -mean Proportfettils to be fotind : Take ^^ = 4, 

raife the Perpendicolar MN'=±h. '}6lnAN^ • and movte 

the Rder FED, is Wtfs jaft now Ihewn, hiHtil its Pb&it t 

fall ijp6n the right Line ^j4N. Then let fall CB petptMi" 

cular to AP^ take t t?o «•//, aiid *y to fG, as 1^^ Is tb 

BQ and leewkAB^ BJi, BG, 5 C are continual t^ropor- 

tionafs,' 4/f, v,'b irtll Mlfo' be continual Pit)portional$. 

By the ApplicbtiM of Yiich a Ruldr other folid PrdBlems 
may be conftrufled. 

Letth«>e be |>ropcifed thcCtibicfr' jEquation ** px:v.mm 
qx-^rzio; ^here^ is always Negatfare, r Affirmative, 

and}? of ai^y Sign. Mglii^ AGa -», aadbiibQ tt^kiiP^iand 

take FR^ ^, and' tiiait tow»ds A if ^'Is A^imritlve' if 

2, ■ . • • ' - 

laiot tomria F« UxfUoim^ mxJs/&AS s^rV^, and e^ tiie 

Pcrpcn- 



FmnxikvkfB PD and BC, And in die Leg £ D pf :tlie 
Rutefi.take ED:s:AG mdE Czsz AR *, then lee the Leg of 
tbellulerbe ?pply'd to the Scheme, fa that the Point D 
ma^ touch the Luie F £), aiid the Ppiiu C the right Liiie B C, 
am B C will be the Koot of the ifiquation fought, s= x* 

Thm Gir, I thinks 1 have expounded the Conflfuclion.of 
folid l^blems by Operations whofe manual Pto£iioe is moll 
doipleand expeditious. So the Antients, after they hadolH 
cain'd a Method of folving thefe Problems by ap Cpiopofi* 
l|on pJF fclid Places^ thinking the Gmflrufiions by the 
Conick^Sedions ufelefs, by reafon of the Difficulty of de- 
firibing them, fot^bt ea£er Conftiufiions by the Con- 
choid, Ciflbid, the Ixtenfion of Threads, and by anqr Me- 
cfaanick Application of Figures. Since ufeful Things, thpugh 
Mechanical, are juftly preferable to ufelefs Speculations tfi 
Geometry, as we learn from t^ppHs. So the. g|»at jir€bi* 
wtdi4 himfelf neglcQed the TrifcfiicMi of an Angle hy the 
Conick Sedions, which had been handled by other <jeomo- 
tricians before mm^ and taught how to trifeA an Angle in 
his Lemma's as we have already ezplain'd. If the Anti- 
,ents had rather conftrud Problems by Figures not received 
in Gqoinetry in that lime, how much more ought thefe Fi- 
^mires now to be preferr'd which are receiv'd by maoy into 
Geometry as well as the Guiick SeSions. 

However, I don't a^ree to this new Sort of Geometric*- 
ans, who receive all Figures into Geometry* Their JRule 
of . admit tiiig ail lines to the Conftruftion of Problems 
in that Order in . w)4ch the ^uatiofis, whereby the Lines 
are defin'^, aicend to the Number of Dimenfions, is arbi- 
trary aiad has no Foundation in Geometry, Nay, it is falfe$ 
for according to this Rule, the Qrcle fhould be joined with 
the Conick Sef^ons, but all Geometers join it with the 
.right Line ; and this being an inco^Aant Rule, takes away 
the Foundation of admitting into Geometry all Analytiei: 
Lines in a certain Order. In my Judgment, no Lines ought 
to be admitted into plain Geometry Defines the right Line 
and the Qicle. Unlefi fome DiAki&ion of Linos mif^t be 
firft inirented, ' by which a circular Line might Jbe ^incd 
with a right Line, and feparated from all the reft. But 
. truly plain Geometry is not to be augmented by tJie Num- 
ber of Lines* For all- Figures are plain that are admitted 
•^into dain Geometryr, that is. thofe. which the Geometers 
'poftmate to be defcribed in pUno* And every plain Problem 

is 4b?t which may be combuQcd J>y j^ain Figofs. So 

there- 
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therefore admitting the Conick SeSions and other Figurti 
more compounded into plain Qeometry, all the folid and 
more than folid Probletrts that can be conftraflcd by thefc 
FiguTes v/iH become plafie. But all plane Problems are of 
the fame Ordei A right Line Analytically Is more flmpld 
than a Citcle : ne^erthelefi, Pioblems which are conftru&ed 
M right LiAei abne, and tbofe that are conflrdded by Cif^ 
desy are of the fame Order* Thefe Things bein{( poflulat- 
td, a Circle is reduc'd to the fade Order with a right Line^ 
And mnch more the Ellipfe, which dllFers iliach l& from 2 
Circle than a Circle front a right line, by poflulating tbcf 
right Defcription thereof in plano^ will be reduced to the 
fame Order with the Circle. If any, in confidering the 
Ellipfe, ihould fail upon fome Iblid Problem, and (hould 
coiiftrufl it by the Help of the fame Ellipfe, and a Circle i 
This would be counted a plane Problem, becaufe the Ellipfe 
^•as fuppos'd to be defctib'd in pldndj and every' Conftrafli- 
dn beiides will be folv'd by the Defcription of die Circle 
dniy. Whctefore, for the fame Reafon, every plane Pro- 
bleiti whatever may be conllruded b^ a given Ellipfe. 
For Example, {ride Figure 1 08.] If the Centet O of the 

S'vcn BUpfe ADFG be requifd, I would draw the Paral- 
Is -^B, CD meeting the Ellipfe in A^B^ C, D j atnd alfa 
"two other Parallels EF,GH meeting the Blipfe in E, F, (7, 
Hj and I would biftS them in /, Jf, L, A/, and produce / JT, 
L Aij till they meet in O. This is a real ConAru6tion of a 
plane Problem by aft Ellipfe. There is no Reafon that an El- 
lipfe mufft be Analytically dcfin'd by an ifiquation of two Di« 
InenlioQs. Nor that it (hould be genetated Gebmettically by 
the Se£^ibn of a folid Figure. . The Hypothefis, only confix 
dering it as alteady defcrib'd in piano, reduces all folid Fro* 
blems conflmfted by it to the Order of plane ones, and con- 
cludes, that all |)lane ones may be rightly con{iru£{ed by if. 
And this i* the State of the PofiuUte. But perhaps, by* 
the Power of Pofkilates it i$ lawful to mix that which is 
now dcmc, and that which is given. Therefore \tt this be 
a Poftulate to dcfcribc an Ellipfe in piano, and then all thofe 
Problems that can be conftru'dted by an Elhofe, may be re- 
duc*d to the OrJcr of plane ones, and aD plajie Problems 
may be conflrufted by the Ellipfe. 

It is necefTary therefore * that either plane arid folid Pi^o- 
Uems be conftrfed ariiong one another, Or that all Lines be 
finAg out ©f .jplane Geometry, befides the right Line and thc^ 

K k Circle^ 
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CMp, wUff It happcp9 thdt fomedme fogl^ other i$ gliren 
i|i the State of.conftrufiinH Tome P^obleio. Sut cerjtgjiily QK}p0 
VilJ permit the Orders of PrgbJcms to he oonfitfed. Thcr^i. 
Core the (>iiick SeQipr.s .^nd all other Fi|ures miid b^ caifl 
out of pUne Gp0J»etry, except the right Line a|i4 th? Cir- 
cle, >n4 tkpfc which happen to be given in the St»i:e of the 
Pfiobleins. Therefore aa thefe Defcriptions of ,th^ Conicks 
. in flmi^ wWch the M<^derr^ are fo fbnd of, ^xp foreigrt to 
Ceofl^etxy. Nisve^hdeft^ the Conick &£lio)Qi .ought not to 
be flii^ out of Geometry. They indeed ?r^ i>pt dcicrlhed 
Gepn^etripally i/t pl^iOi but are generated in the ph^ie Su- 
perficies of a gjBOipetrical Solid* A Cone is coaQitu^ g€x> 
li^ctriically, and ci^c by a Geometrical Plane^ Si|ch f ^- 

Jient of a Cone is a Geometrkal: FigMre, and has the Um 
la^cc in fo)id (geometry, 39 the Segment of a Circle has iii 
Plane, and &r this Heafon ijts ^fe, which they o^I) a iPor 
Qick Se<9io^\ i;s a t5eometrie?il Figjare. Thftefore a Cppick 
SieiQjpii hath a Place in Geometry £> far a« thfi S^iprrfipji^ i^ 
cf a Geometrical So)id ; . jbu]: i« Geometrics^l b>i^ l|0 other 
Reafon than that it is generati^d b^ the SejElion of ^ ^ii)* 
^)d there&;ce yras npt in forn^er Tames admitted 01% into 
felid GepmetrY* But fpch a (jieneration ii difficile, and ge» 
qeralW jufeleft ia Pra3icie. to which Qeometi:y oqght to he 
lAoft feryic^le* Therefore the Afi|:ie.nt» betook them(^v98 
to various Mecli^ni^ al Defcripftipna of F^pres i;i plim And 
i|re, after their Exfimple, have handtecTin th/s I9?eceding 
Copihi]£tk?ns. Let thefe CoiiflruSiond b^ Mechantqal 9 sMiS 
fc the flonfrruftiouj by Conick Seaionii defcrib'di u^ piftt^ 
Ee MeichanM* jUt thp Conl^r^^igns by Conick Se^ion* 

S' jrep he Geometrical ; and fo the Conftru^ons by ^ny o- 
er p^iyen Figures are Geome^ical, and pf the fame Order 
with the Conftruflioris^Qf plare Ptoblems. There is no Re^^ 
fon that the Conick Seajipn« ihould be prefen'd in Gepme- 
tiy^ before aoy other Figurpa, unlef§ fo frr as th^y are dc* 
t|y'd froux the Se£)i6n of d, Cone i the^ being genera% un- 
fervicea^le ifi Pi^adlice in the Solution of ^pbleipa. Buc 
leaft I ttjopld altogether negled ConAruflions by the Comely 
Sections, it will be proper to 6y fomething concerning 
them«ip which alfo we will coniider fon^ commodioiip ma- 
fiual Defai prion. 

The BHpfe i$ th^ moft fimplc of the Cwiick Seftions^ 
ij^ofl known, and neareft of Kin to a Circle, and ^cft 
iMctibd byihe H^nd in plknOi Thougjh amf pre&r the 

Para- 



I^aiatela icfofc it, fot the Simplicity of the jEquadon bj^ 
which it is expT^fs'd. But by this Reafon the Paftbofi 
ought CO be preferred before the Circle it felf, which it ntvtt 
ia. therefore the reaforting from the Simplicity dt the A' 
quation will not hold. The modefil Geometers are too fond 
of the Spcculatiorr 6f ^Equations. The SimpUclty of thefe 
is of art Analytick Gonfideration; We treat of CompdH^ 
tion, and Laws are not given to Compoll^on froiii Aiii- 
lylis ; Analyfis does lead tO G>mpGilttio/i : But it i^ not trufe' 
Compc^iort before its freed from AnilyUs. If th<^e be 
never fo little Analyiis in^Compofition, that Cotoipoficiorf 
is not ytt true. Compofition in it fejf h perfeft. and faf 
ftom a Mtitture of Analytick Spe<^u}atiOntf. The Simplicity* 
of l^igtitet (fepend v^pm tbd Siittplidty dt tiieir Oeneti9 
and Ideas, and an ^nation is nothing etfe diaA a Dicfoip^ 
cion (either Geometrical or Mechanical) by which a Figure 
h geiici^ated' dnd r^hder^d ifiohfe eafy to tho Conception. 
Therefbre m givt th& Empflr the firiT Place^ a;)d ihiU novt 
fii^v^ hOTT to ck^Ulrufi i£qu^ibn$^ by it. 

Let tbcfre be any Cubick itquation propos'd, ir^ a»fX^ 
^qx-^rj where p^q^ and r fignify given Go efficients 
of {be Terms of the iJtq'ciatioriff, with their Signs + arid 
rw and ekhief of the Terms ^ and ^, or both of tliem, lAay 
Be wai^ting. I^ fo we ihall exhibit th^ Conftrudidns e€ 
aM CoBidr ifouiitidhs in- ort*e Opcratiort, which fblldWs : 
• Pr6rir the Point B in any giteiV right tine, take any two 
tight Linrsi FC ztiiBE, on the fame Side tlM Point Fj ^ 
and sUfo B Dy fo that it may bcT a mean Proportional h^ 
Iwdfinthem. {VideFigmr xopy And call £C, n^ kitht 

faiqe right Line alfo take BA^sz-y and that towards the 

n 

Point C, if — ^ 9, if not, the contrary Way. At- the Pbint 

A crefl a Perpaidicular, an J in it take AF z=zpy FG =- 

AF, Fix ~v Mi ftl to F/ as BC is to B B. But F/f 
nn ^ . 

4ind F* / arc to be tliken on the fame Side of the Point F toi- . , 

wards Gy if the Terms' p and r have die fanie Signs ; and 

if they have not the fame Signs, towards the Point A. Let \ 

the P^lldogtams lACKMd HA EL be compleated, it 

and from the Center K, with the Diflance KG, kt jfCif- J 

cle be defciifd. Then irt die Line HL let thcr^J be taken 

fJR od either Side die Point H; ^hicA let be ttT//£» as 

Kk2 BD ' 
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BD toBE ;letGR be drawn, cutting Et iivS^ and \t% 
* the Line GRS he moved with its Point R falling on the 
Line HL^ and the Point S upon the Line £L, until ihe 
Point (^ in detcribing the Ellipfe^ meet th^ Circle, as is to 
be fccn in the Pofition of > f cr. For half the Perpendicular 
irX let &11, fiom > the Point of meeting, toAE will be 
the Ropt of the iEqua^on. 3ut (? or > is the End of the 
^xAtGRSy or yf a-, meeting the Circle in as many Point^ 
as there are po^ble Roots. And thofe Roots are Affirmative 
which' fall towards the faime Parts of the line £-<^, as the 
tine F/ drawn from the Point F doei, and thofe are Nc* 
gative whi:h fall towards the contrary Parts of the Line 
AE if r is Affirmative j and contranly if r is Negative. 

But this ConAru£lion is demwftra^ed by ^ tj^lp of th^ 
following Lfunina's. 

. I-EMMA I. AQ being fappos'd as in the ConAradion, 
aCAXi-AXq^yX^q'-'iAlyi.yX-^ 2 AG x F/. 
Pot from the Nature of the Cude, Kyq «C jf js:; 

>X-^Ai\ '. Bur K>qsz6tq-^ACqt and CJTf =- 

A^^AC[^» tHtiSyz!zAXq — zCAX-{- y1Cq, an g 

to th^t Diference G/<7+ zCAX^AXq^yX—AU* 
*=:yXq^24Iyi>2^-\-'4iq' Subtraa Giq &om botl^ 
and there wiD lemain zCAX — AXq ssy Xq-— 2AI yc 
?• ;jr + -4/ a — (7 / f . But (by Prop. 4. -Botk 2. ^Itm,) Ala 
szAGq-\'iAGI'i-Glq, a nd Co AI ^^GIq^AGg 

i^ iAGt, that is, •=2 AG -)(. \ AQ •\- Gj\ ot ^2 AG x 
F/, and thence 2CAX'-'AXq=i >Xq—2Ai-K>X-^ 
^AG%¥L Q.E.D. 

Lemma II. All Things being con|bru£led as above 2BAjf 
'-AXq^ ~ Xyq — ^^^jAH-A Xy^2AGy.Fl. 

For it is known, that the Point >, by the Motion of the 
Puler >fcr aOign'd above, defcribes an plipfe, the Genter 
whereof is if, and the two Axis coincide with the tw6 
right Lines L E and LH^ of which that which is in L ^ 
= 2>'f, or = 26*, and the other which is in L H-zz 2y(r, 
ot zz2GS, And the Ratio of ithefe to one another is the 
fame as that of the Line HR to the Line Hi, or ot the 
Jine BD to the Line /?£. Theieforc the Latfts Tranjvtr" 
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frnn is to the principal Lotus RcUum^ as ^ E is to B C, or 
as^/ is to Fl/- Wherefore fince yT is riphtly apply'd to 
HL it will be from the Nature of the Elipfe that QSq^^ 

ITq ^ ~T 7 {qusifd. But IT^AE^AX, andTy 

^^Xy-^AH, let the Squares of which be put inftead of 
'l,Tq and Tyqy and thtn G Sqr-^Eq ^^zEAX — AXq 

^I^^Xyq'-riAHycXy + AHq. But GS^-^AEq 

= 6H4-L5|% becaufc 6 5 is the Hypothcnnfc of a 
JRcflanglcd Triangle, riic Sides whereof are equal to AE, 
Wd GH-VLS. And (by reafon of the fimilar Triangles 
UGH 2x\dRSL) LS is to 6 H asL^ is to HRy and by 
Co0ipo&ion (? H + 1. 5 is to G H as HL is to H R^ and 

by fquaiing the Propof tions G H + L 5 1 ^ is to GHq zn 

HLq is to HR qy that is, (by Conflru<9:ion) zs BEq is to 

B Da^ that is, as B E istoB C, or as Fl i^.to F//, and fo 
^* F/ - ' it^jy 

' ^ PI 

^< Jf > + -/iflf.and by fiAtraaing- ^ <? »5 from BcJth 

Fl 
'Sides, there will remain 2 E >< JT — AXq:=: jj "AXyq^^ 

2AHY.Xy4^Hq^GHq. hut AHzz: AG + GH, 
9X)AioAHq:=:AGq^2AGH^GHq, and by fub- 
tra^ing GHq from both, there will remai n AHq ^^GHg 

z=zAGq'\^2AGHy thatis, =2^<7x MG + Gtf as 
2 AGy^FH, and therefore 2 £ -^Jf— >? JT^ == ^Vr X X?q 

F/ oPI 

AHY.Xy-k'i^G-K.Fl. Q.E.D. 

1e M M A HL All Things flanding a$ before, ^^T wiH 
httoXy-^AG as jr^ is to 2BC. 

For if from the Equals in the fecond Lenima there be fuK: 
traded (he Equals in the firft Lemma, t%ere i^^l lemaia 
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tit oFI 

Let both Sides be multiply 'd by FH, and sFHxCE >c 
jiXzsiHIxXyq^zFIy^AHyiXy + 2/iI%FHyC 
Xy. B^tAIz^HI-^-^H, and fo 2F/x^H~2f ff 
r.Al = iFlxAH'^2FHA'^2VHL Buc 2F/X 

BA^2fHAzrz2AHI, and 2AHl-^2Ftil:=:2Ht 

r^AF. Therefore 2F/X-ri«— :iF/fx >4/;A 2/// X 
u*F, and fo 2 FffxCfx AX ^Hl^ Xya—^^HlY^ 
AF %Xy. And thence as/// t» to Fi7, K) is 2C£x 
AX to Xyif^2AF>iXy. But by Conftrwaion HI nto 
f H as C£ is to i?C, and fo as aCi? X^JT islo iBCx 
^Jf, and thence 2i8Cx -^JTr^JlT^iy — 2^FxJlf?, (by 
prop. 9» l^i ^. £/mk> But becaofe the; Redangles are e-* 
qual, the bides are proportional, AX to Xy^^zAF^ (xhsu 
is, JTy — ^G} as Jf5< i6to2BC. Q,ED. 

L E li M A IV. The fame Things being Aill fiippos d, 
a F/ is to ^ jr— 2 ^B as JT;!' it to 2 SC 

For if from the EquaJs in the third Lemma, to wit, 2 B C 
% AXsx X>^ — 2^F X Xyy the Equak in the firfl Lemma 
tc fubtridsed, there will remain ^-*2AB% AX-^- AXq 

ofizFJx X>^2AG yc FI^thsLtis, AX%AX'^2AB 

2= 2 F/ X jr>' — • AG. But bccaufe the Rcdianglcs are Equal, 
the Sidka are Proportional^ a F / is to AX-^ 2 AS ^ AX 
is to Xy*^A<S^ that is, (by the third Lemma) as JIT;^ ia 
ft>4»f. QjED. 

At length, by the Help of thefe Lemma's, theConftruflion 
of th^ P^ot^ete is thti* (temonAtali^ 

By the fourth Lemma,^ Xy is to 2 B C as 2 F / is to y4 JF 
m^2ABi that itf (b y Prop, i . Book 6. £lem.) as 2BC >C 

izFIist0 2BC>cAX'-^2AB^ or to 2SCxy*Jr~2BC 
X zAB. But by the third Lemma, AXh t&Xy — 2AF 
smXy is to 2BC, or 2BC% jtXt=si Xyq'^2AFyC Xy^ 

and fo J!f> is to 2 BC as 2BCx 2F/ is to Jr?^ — 2/iFK 
Xyr^2BC%2AB* And by midfiplyin^ the Means and ^ 
£]etreams into themfehrc^ Xy cub. — 2 -^ Fx Xy(i^^^BC 
Y^ABy. Xy^SBCq XFl And by adding 2 ><Fx Xyq 
-{-i^SCyCABycXy to botfi Sides Xyculf.z=:2APyiXyi 
^^»e^ ^B>iXy^BBCqy;Fl. Butfj^^inthe 
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Qoi^uai^p to be d^9A9Pfc«f4 yw ^luai the Root of the 
/Equation =*•, and AFzzzfy BCzzn^ ABz^ \ aad Ft 

-,— , andfoBCx^^:^^, And i?CaxFI=r. Whidi 
nn 

being fubflituted, will piake ;v'5=|A?*+gjf-J-r* 

Q.ED. 

Corol, Hence if ^F and AB be fuppos'd equal to no- 
thing, by the third and fourth L?mn^^ 2FI will be to /f X 
as ^-Y is to Xyy and JIT?' to 2 tf C. From whence arifca th^ 
Invention of two mean Proportionals between »hy two^ gi- 
ven Quantities, F / and B C. 

Scholinm. ^Hitherto I have only expounded the CbnftnjG^ 
on of a Cubick ^nation by the EUipft ; but the RiJc is of 
a more univerial Nature, extaiding it felf indiffprently to 
al! the Conick Seai6ns. For, if inflead of the ElUpft yon 
would ufe the Hyperbola, take t}ie Lu]es B C and £ £ on the 
contraiy Side of the Point B, then let the Pointy A^ F^ G, 
J, H, A, L, and R be determined as before, except only that 
F H ought to be taken on the Side'of F not towards /, and 
that Hfi ought to be taken ia the Un« ^/ not in HLj 00 
cad) ^ide the Point H, and iqltead of the right Line GRS, 
two other right I^nes are to be drawn from the Point L to 
the two Points R and R for Afymptotps to the Hypcrlala. 
With thefe AfVmptotes LR^ LR defcribe an Hyperbola 
through the Point G, and a Qrcje &om the Center JC with 
the Diftance C K : And the halves of the Perpendiculars 
kt fall from their Interfe£Hons to the right tine AE will be 
the Roots of the ^nation proposed. All \^hich, the Sighs 
4- and «— being rightly chang'd> %ce denionfirated sl$ 
above. 

But if yo« would ufe the Parabola, the Poitat E wiS be 
remoy'd to an infinite Diftance, and 10 not to be taken any 
wheoe, and the Point H wiH coincide i/^ith the Point F, 
and the Pavabola wiQ be to be ddcrib'd about the Axis HL 
with the piincq)al Idtm ReSum B C tbroi^h the Points O 
and Af tii^e Veiti:^ being plac'd on the fame Side ot the 
Point Fy (^ which tbe Poitn S is in refpea of the Point 

Tbu^ the Goiifttq^ons by the Parabola^ if voo regard A« 
nalytick $i|ppUcity, are the moft fimple cf all Thofe by 

tb« tiftftbok noct^ aod thoCe which are foI?'d by the £i- 

lipfe. 
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liliTe have (he thud Plate. But if irr defcribii^ 6F Figui^ 
.the Simplicity of the manual Operatioa be rtfpeded, the 
Order muA be changed. 

But it is to be obfcrv*d in thefeConftrucHons, that by the 
Proportion of the principal LmtuRSum to the Latus Tranfi- 
VerJuMj the Species of the Ellipfe and Hyperbola mzv be deter- 
ihin'd, and that Proportion is the fame as that or the Lines 
' BC and BEj and therefore may be affum'd : But there is 
j3Ut one Species of the Parabola^ which is obtain'd by put- 
ting BE infinitely long. So therefore we may conflriiS any 
Cubick liquation by a Conick Seflion of any given Specie^i 
To change Figures given in Specie into Figures given in 
Magnitude, is done by encreaiing or diminiOiing all the 
!Lines in a given Ratio, by which the Figures were given 
in Specie^ and fo we may conftruS all Cubick ^Equations 
by any given Conick Seflion whatever. Wlich is more 
lully explained thus. 

Let there be propos'd any Cubick ^Equation x'^^^.pxx. 
\qx.r^ toconflfuait by the Help of any given Conick 
Seflion. \yide Fig$tret i lo and 1 1 1 .] 

From any Point B in any infinite right Line BCE^ take 
any two Lengths BQ andjBE towards the fame. Way, ii 
the Conick Seffion is an Ellipfe, but towards contrary Ways 
if it be an Hyperbola. But let B C be to B £ as the princi- 
pal LatuS'ReRttm of the given ScSion, is to the LatMs Tr/inj* 

tftrhmy and call B Q n^ take BA =r -^ and that towards 

n 

C^ if ^ be Negative, and contrarily if A£fiiiative« At the 

Point A ereS a Perpendicular ^/, and in it take /dFsspi 

and FG=:-«*Ft andf J=— . But let F/ be taken to^ 

waids G if the Terms p and r have the tarae^igns, if not, 
towards j4. Then make as F// is to F/ fo is BC to BE^ 
apd take this FH from the Point F towards 7, if the Se- 
aion is an EUipfe, but towards the contrary Way if it is m 
Hyperbola. But let the Parallelograms lACK and HA EL 
be- com pleated, and all thefe Lines already defcrib'd trans- 
ferr'd to the given Conick Se£l:ion 5 or, which is the fame 
Thing, let the Curve be defrrib'd about them, fo that itS- 
Atis or principal tranfverfe Diameter might agree with' the 
right Line LA^ and the Center with the Point L. Thefe 
Tluogs being done, let the Lines KL and 6L be drawn^y 

cutting 
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ctjttifag tbeV.Omkk SeiSk^n in g^ In LK tale £|^ ivllicli 

let be to L iET as L^ tx) L C;, and from the .Center j(^ w^(^ 
tbc Diflaiice /fjj, deicribe a Circle.' From the Points tfhere 
it cots dK giyen.CurvfL ' let fall Perpendi<;ubts tothe^|]% 
htiy wnereof let Ty be one.. Laftly, towards y uke TTi 
lifhiph let be to Ty as^ LG to Z,^, and this XJT pioApPa 
wiill dut >S in ij; and JfT" will jb^ one of .theJBLc^QOi 
of. the i£f]uatiom Bui; thofe Rooa are Affirm4tiT^ 
whicb Jic towards fuch Partsof AB, as f / lies.frota F, 9t4 
ihofc'arq Negative lyhich lie on the contrary SidC} ifr is +1 
ani the contriry if r is -^-j. ; ' '\r ; 

. . After this Manner are ,Cabick ^quatiQn$ copftrofiad bjjf 
&^vex^^EI|ipft• and Hyperbola's : But if a Parabola |}iq^d 
Bc^ il^yen, ti^e (.ipe 2C is to be tak^n equal to dif.l4EtQf 
Reaumkfelf. TJioi ^t^e Points -/^^F^ 6, /, and. if, being 
^uo4 fstajbpve, ?^¥^lc <nuft be defcrib'd frotn,:the;<j^tfi| 

w|^ ih^ Diftai^ it(j , and the Parabola itiuft be fo ap^ 

^A to the Schome a^jready defcriS*d, (or thp Scheme fo: tM 
Farabolfa) that it may pals through t^e Points A lind/?^ 4^)4 
its Axia through the Point F parallel to -^ t^ tlic Vertex 
fiiDing on the fame Side of the Point F as the Point B falte 
OiftM Point C; thefe being done, if Perpendiculars werfi 
let &n from the PointH where the Parabola interfefis the 
Circle to the line jSC, their HalVea will be equal t6 tb^ 
Aoots of the ^Equation to be conftrufied. 

And take Notice, that Where the feconi Term 0^ ^M^ 
^uation is wanting, andfo the latus Refhimbf the Parabola 
u the Nfiidber i2, the Conftrudion cdmes oijt thi! fame al 
that which Dti Ortes {»rov'd in hiit Geometry, witH tbi| 
Diffeiendi^ dhly^ that . theib lines are thfe double of them^ 
^ This It a general Rule of Conftru^iOns. But whefe pat* 
ticular PieUems are iiro^*d, we ought to confult the moilf 
fimple Fd0n8 of Conitrufiions. For ^e Quantity h rftmaiol 
free, by the takbg of Which the .£q&|tion may, for the 
Inofl part, be render"^ iibore fimple^ Une Example of w)ilci| 
I will give. i . : ^ 

let there be given an Blipfe iM let there be two iilea^ 
Proportionals td be found between the given lines 4 ^nd |f, 

tet the fitftof then! be $t, ixA a.x.~.k will b6 contip^^ 

Prpportionalfc, aiid t^dk^-^^ or d^^Mdl^ h ihej&^ 

^h irlleb jroo Mrfi conftruQ. HmiUt^mip and 4 ifi 

... ^.. j^j^ ... .r-. ,f ^^^ 
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Ire s bf' an^ ^^:s: — • That the kit Tenn niajr Ik mm, 

die CbnniUflion irill be thus : ^ 

fttnuafly PttiiltM in any in6))t(rright tine A E, tlH 
'wIC ^ di^anam the fame Side of the Foint ^uke A£ Wi AQ 
U the Ivincipft] litem Keaom df ihe Ellipft ii to the UtOi 
^•hnfteAbffl. Thcntn tf]eper|len^iculir^/take:/f:/^|r, 
aMA^ to-*/ as >*C to>^£. [nif R^«« JizJ letthc 
FaraneJograroi/^CJi:^ liAEh he compleatea. Join tA 
kfid£JC. Upoh thii Scheme h^'tM given Elllfife, ^ ic 
414)] McdttHght line jtfZ, inthe Pbint r. Mikt Lit ta 
VK fll tl 1o L^. ' Fr6ta the Center {, With t^ielMflAncti 
ig, defisibea Circle cottiilg tlic HKpfe ih j-. \3oonA& 
IfctfitU^riiePeirpendindai > J, cutting flL in 7*, and let dut 
I)6p«xl6e'd (oT, that Tr may be to T>' ai T^ to Tt. 
And fb JPr^x unlJ be eqnal to die fitA of the nrtfUMW 
Pr^pwtiodtla, C^EI. 
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A NeWy Exa^^ and Eafy Method ^ offind^ 

ing the ^oots of any JLquations Generally^ 
and thst without any previous ReduSion. 
By Edm. Halley, Savilian ProfeJJhr of Geo- 
^ ntetry. [Publijh' d in the ?h\\o^o'^\iic2\'^^ 

adions, Nuinb.3io, A. D#i694.3^ 
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H E principal Ufe of the Analyticlc Art, i» M 
bring Mathematical Problems to* ^iiationjig^ 
and to exhibit thofe i£^uanons in die moil 
fimple Terms that can be. But this Art would 
juftly feem in fome Degree defe£live, and not 
fuflSciendy Analytical, if there wete not foiiif, 
Methods, by the Help of which, the Roou (be they lines 
or Numbers) might be gotten froQi the ^qua^ons that it^ 
found, and fo the Problems in that rcfpefl be folved* The 
Antients (carte knew any Things in thefe Matt9is beyond 
Quadratick i£^uations. And what they writ of the Geome« 
trick y^^onftrudion of folid Problems, by the Heljp of tlie 
Parabola, Ci0bid, or any other Curve, were only particular » 
Things deiign*d for fome particular Caf(?8. But as to Nu- 
merical Extraftion, there is every where a profound Silence ; 
fo that whatever we perform now in this Kind, is entirely 
owing to the Inventions of the Moderns. 

And firfl of all, that great Oifcoverer and Reflorer of the 
Modem Algebra. Francis Vifta^ about loo Years fincc, 
Ihew'd a general Method for extrafling the Roots of any &^ 
quation, which he publiih'd under the Title of, A Numeric 
fd Rchlmim of Pmtrsy &c. Harriot, Ougbtrti^ and others, 
as well ci our own Country, as Foreigners, ought to ackno vv« 
ledge whatfoever they have written upon this vSubjefi, ay 
taken from VUta* But what the Sagacity of Mr. Newton 9 
Qenius has |)erfDrm'd in this Bufineu we may rather con}e» 
Quit (tjian tK fully ^fTus'd of) gpoqi that (hot t S|ieciai9 

L 1 2 givea 



lilfcil by Dt. WMs in the 94* Chaptci of his Algiird: 
And wc muft be forc'd to cxpcft it, till hii great Modefty 
lbaHlri6ldt6 thelfitreaties of his Frtendi, atid f^er tH^ 
curfotis DifcQyeries to ftc the Light, 

Not long iince, (yi7L.*A. D. i6pO|) that exceUent^rfon^ 
Mr. Jofiph Ralphjon^ F. R.S, publifh'd his Univerfal Annlyfis 
$f ny£qudmns, and illuArated his Method by Plenty of £x- 
idbplet ; bv all which he has given Indications of a Ma(fhe«« 
matical ^Genius, from which the grea'tefi Things may be 
•flcpefled. * * • 

By his Example, M. ie LMgnej^ an ingenious ProfeiTor of 
Mathematicl^s ac Parish was encouraged to attempt the fafne 
Afgun:|ei)t ; but he being, almoft altogether taken qp in ex* 
ttaSing the Root^ of pure Powers (cfp^cially the Cubick) 
adds but lifltie about afifefled j/Equations, axid that pretty 
much perplex'd too, and not fufiiciently demonfirated : Yet 
bcgivei.two very compendious Rules for the Approximate 
on of a Cubical Root j one a Rational, and' the other an If- 
I'ational one. ' '^, gr. That the Side of tl^e ^abe 444 4- h 

i?I)etffeen4 4-^-j4j-pji, »iid ^1^4^^-*+ §4. Aiid 
A« )Root of the ^th Pqwef, i' -J- 1-, he mate s | « '^ 



rTj^^ + r-^J*^ {l^^« note^ that^risf44, not 

ids^ as 'tis ^fironeouffly printed in the French 3obJc,) Thef^ 
niiWt were comthunifcared to mc by a Friend, I havitig not 



fe^ the Book '; but having by Triil foiilid the Goodnds df 
ihem, latid^dqiifing the Compendium,' 1 wi|s wilUngtofind 
put the' Dcmonftifation. Which having done, \ p^fcntly 
found that the fame Method might be accommodated to the 
Refolution* of dl ^rts of jEqii^ticttis. And I was the rathet 
indin'd to inwiovc thefr Rules, becaufe I faw that the whole 
Thing might*bc eXfJain*d in a fijmpjts ;' and that by this 
means, at evety repfeatcid Step of the Caldulqs, the Figure^ 
Already found in tni Ro6t, Would be at leaft Vrcfcled, which 
all othcr'^Ways areehdreafed b6t in an equal Nurhocr with 
the given ones. Now, :the 'fbreirientlpd'd* RAles are eaffly 
aeiiionflrated from * the Gcnefls of the Cube, and the 5th 
power. Fpr/fuppofing ^He Sid6 df any Cdbe :p i* HF e, the 
Pubc arifingfrom'titence 15 44^4^ 34^f4*' I^^^ Hh^^^* 
Ahd confequently, . if we^fuppofe k4'4 the next lefi Cube, to 
^J^ gi\l^ Nbti-Cubick Number, then e'e e wiB be leh dian 



IJmQL fund the Remainder l^^ will ;=: the other lifeiiibeig''of 

thcrCAWy ..9^4ff 4*34^^4" ^^?« .Whence tiqeOing rft* 
upon the Account oTiti Soiallnefs, we |uve hss^aae '^ 
XMte^ And fince 4 4 r is much greater than 4 e r> -the Qmi;i« 

tity — wiD not much exceed t : fo that putting e == 

h 
then the Qpantity ■ . (to whi^h e is nearly equal) 

h h 

will be found -s -7, or i«— , that it, 

^. '544 - ^ '4 

4> 

r; s: f* And ib the Side of the Cube ddd-i-s wiO 

be 4+ ' .■; > which 18 the RmwmI Vmmkdi M.if 
3447^^ 

Lagna. But now, i£ aaa were the a^t greater Oibick 

Number to that given, the Side of the Cube aaa^^b^ wil^ 



db 

after the iamt Manner, be found to be 4 :: had: 

344— t 

this eafy and expeditious ApproximaticMi to the Cubick 
Root, is only (a very fmall Matter) etTon0«ua in point of 
VefcB^ the Quanti^ e, the Remainder of the Root thus 
founds coming £)metlui^ lefs than really it n. ^ 

As for the Irrdti^fhil FormHld^ 'tis deriv^*d from the laiiie 

" • ' ' ]^ ■• . > '^ 

Principle, vi^ t :?: 3 ddt^r 3 d $e^ or _ 5^. ^e + ^^s «!* 

. 3^ ' 

ft^^j4i + --|4 + r, and ^|44 + ^^^ 

tb^ Root fon^t* Alfo the Side of the Cube sd^^b^^^ 
ter the fame Marnier^ wiU be feund.to be 14 + 

V b t, 

r ||44«^^« And this fwNfidU coiaea^ fomething nearer 

to the SScope^ hdng erroneous in point oiE^cefSf as the other 
was in A/ipi?t *"^ ^ "^^^e accommodated to the Ends of 
France, iince the Reflicution of the Calculus is nothing 
elfe but the cominual Addition or Sut^£tion of the Quai>. 

^t| ^, according; ^s the Qpsntity r can be ko^wn. So 

that 



\ 



tUii«« fltoida «dw #rit< ^i;»-h r'"* ^-!^; i»tli» 



fbrpet'Cafey and in the latter, f 4 + '^ I #rf + ^^'*T >' 

QfK' by either of fhe two Formulas the Tiguret trirfady 
known iq the Root, to. be extraftei are at kaft. tripled ; 
urnich I coffcludef-wil) be vexy grateful to all thr Semients in 
Arithmetick, and I. congratulate thc^, Inventor upon the Ac^ 
count «f Jtd&D^(covery^ -c: > * 

But that the UC<} . of thefe Rules )Qpu»y Iff the better per- 
cciv'd, I thinkit proper to fubjoyh an Example or two, 
Ixt it b^ [)roDos'4 tq find the Si^e pf thfi doMble Cn^^ or 

4fi4+ fc = 2. Here 4= I, M — «= |,and fo^ |+V-iVi <^'. 
l\ltf,' bcf found to be the true Side nearly. )Sow, the Cube ' 

ot ,1^26, is ^,000376, *Pd fo 0>i6 J 4- ^ ,3jp69 .r^ ^ ^ - J^ -. 

* ' ^ ^ ^J?** 

<|ir !^^5. +v^,ip6ko«5apn?t52pf a: I f2SPp2 104^8^5 -r^ ; 
which in 12 rigures gives the Side of the doublj Cub? 
viithvery little Trouble^vifc, by one only Ihvifion, andth? 
filtfaAion of &t Siiuaira Ropt ; when as^ by the coinntioa 
yffiy of • working, hojur much Pains it would have coft, the 
Skillful very weN knew. This Calculus a-Man.mafy cx>«timie 
as far as he ple^fes^ by encreafing:the Square by th^ Addition 

of the Quantity — r ; which Corrcftion, if) this CUe, will 
•„ 54 . . 

give fcut tlie Enc^cafe of Un|ty in the i^th Figure pf the 

Koot. , . . 

r f «4wp/e!ll. let it be propos'd to find the Sides of *a Cube 

eaual to that English Meafure connnonly call'd aCJaHoPv 

which contains 2jl folid Ouaces, Tlie next lefs Cube is 

2xd, whofe Side 6=4, and the Remain Jer i5=^lr ; andiS) 

for the firft Approximation, we have 5 •i'V 9 4^4.- •» *thef 
Root. Artdfincei/p^8??3. ... is 3,n'>8..., *ris plain, 
that ^,5 58 rsf 4 4" e* Now, let 6,i5«;8 =: 4 ; and we (hall 
then fav€ , for its Cube 231,00085:58^471:55 and accbrdiig 

flaoft accaraeely eqtkl fo the Side of the given Cube, which, 

within the Space of a{i Hour, I detcrmin'd by Calculation to. 

* ' ' be 



^ 6hi^^iii^9i6ii^t9% whidils eriia' IH the xlgfli'Fi- 
gure, defe&ive in the 19th. AndtimFormt^hA^Utedlf 
preferable to the Rmtmale^ tjpon the , Account of the great 
Divifor, which is. BOC^ be fQ|ftmj(Hl Without a grrAt jikaiAif' 
Labour ; whereas (he BtMdion of the Square Root proceedv 
much mpro cafily, as manifold Hxperiqice has taujht me. 

But the Kvic fo^^e^Root of a pcjre ^StnfeUd, ttr.thd^ib 
Power,' is tt r<5lnething i higher Enquiry, and does much 
more perft<^ty yet do the Bu&iefs ; hn, i\ does at le^ft Quin- 
tuple die ff9en BgdM'of the JR^ ileMier i»th£Cakuli)i 
very latff^ or o^rofe. Thp' .t;he Author no where Ihews his 
Method^ Invention, orany Demoni^tion^^altho* itfeemf 
t<> ^ Hif ftueh tiffing ; ef^ddlly liiice ^ thihgi art 
not right in Aie printed Bpok, which- may eafily deceive die 
Unikilf^. Now the ^th Power of th< Side a 4-^ is vco^o? 
pos'a dF &ei^ •McflibCrs, n^'^- •J4<e+' lon^r 4^104* e^ 
•^-'54*^ +e^=4* +ip;fiomwfaenc;eir — >;4'^f<4- I04»e* 
4" i04*i^+ 'idi:^9 . Kj^^Ung <* bdiM"c ol i^Sinal^nci(p 



Whcukre— l=:4»e+ 24V + 24e*+e% and adding oii? 
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4'4iVi-fca«N.?+*^«rfii4^4«r+eei' tlieariAttafting 
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|44 &omtediSide#^ fit-^^lraitt r 1^f4«+&i^&«i<^ 
to which, if f 4 be n^ded, then wilL 41^ C!=: |4 + 
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yVia* + 4— ^^i = fl»e Root of the Power 4»+*. 
But if it bii4 «* ^>fth« Qmntk, «i>:lri^t6agibM) di» 



Rule would have been thiis^ 2^+ ^yi4* ^ A — 444* 

And thisittiletii^proaches tvOnderfiilty, fo that there is hardly 
any needtpf Reftitution. > 

But whik I conftfer'd tMe TMlidl with ifiy fttf, f^ Ihht 
iipon'^gehem Method fi» the Vmwnlit of all Powers what* 
foever, aind (whidi being handfome ahi condUe enoiigh) .1 
thought I woqRI not coiceal fiom the PoKKck. * ^ 
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thife F^nnds's, .(n.wetl the RMitmi m the hrrttmM 
tea). SK thuk 
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And foaUbc£ the ^>dM higher Fbvvm. But if 4 wei« 
aflboi'd l^gtr tbao .die Root fintghi^r (ffhich i« 49W ii6A» 
ifomc Advantage, as often as die Power to be lefolv'd 9 
much nearer, tte Power of die lirjbyeittr ^dioleNombcl; 
thaiioF the iiwrt /r/i) in this Cafe, Mnt^is Mmmtdts^ we 
flntt have the fluoae EspRffioni (^ difc Roots, ^c^ 
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Xi^lvithln thcfe two Terms the tru^ Roof 19 tvtt foundj 
being fomething ncsHP^r to the Irrational tlriHithe Rathnd 
Expreflion. But the Qjuintity r found bjL the Irrational ft ft* 
mmay is^ always cop gre^c. as the Qpocient rdulting from 
the Rational Formula^ is always too Jittle.. And corifcqucnf- 
ly, if we luye 4- h^ the Irratim4 Fftrniulu gives the Root 
iomething grea;tei tli^in It ifaould be, .and the Raii^nM fonief; 
thing lefs. But contrary wife if it be — t. ." ' ' , ' 

And thus much may fuflSce to be faid conceding the Be?- 
fraftiori of die Roots of pure Powers ; whidi notwithflaiidf 
ing, for common Ufes, . may be had much more cafily by 
the Help of the Logarithms. But whon-a Ko!>t is to be de^ 
tcrmiiiU very accurately, ^n^ the.lJpg^rit]iimiok Tables will 
not reach fo far, then we rauft necel&riJy^ have Recourfe to 
thefe, or fuch like Methods. Farther^ the Invention and 
Contemplation of thefe FormnUs \ei^it}g me to a certain 
univerfal Rule for adfe£led j£quatiohs^ (which I hope wiQ 
be of Ufe to all the Sti^^eiits in Agelfa and Gemetry) I was 
willing here to give fom^ Account of thfe Difcovery, which 
I will do with all the PerfpicQity 1 can; I had given at 
N' i8B. of the Tranfal^ms; a very etfy and general Oon« 
ftmSiott of all adieded jfiq^tioiis,. not exceeding the Bi« 

Sdratick Power | from whichTime I had a very great Oe<» 
of dc^g the fame inNumbeta. But quickly sSter^ Mr« 
Xslphfm tem'd in gieat Meafure to have fatisfy'd this De&e^ 
till Mr. Litgnty.^hy whaf&;Iud perform d in his Book, in- 
timated, tnat tb& Thing might be done more compendioufly 
yet. Now, my Method is thus : * ' 

Let ft, the Root of any Aquation, be !m'agtn*d to bt 
composed of the Parts <i-^. Or— f/of which, let d be af- 
fum*d as near & as is poflible^ Which is notwithftaiiding not 
necejfarjif but ouly commodlms* - Jhen from the Quantity 
4 4-<, or 4— -f; let there H fofm'd all the Powers of «^ 
found in the ^uation, and the ^Numerical Co-efficients be 
lefpedively affix'd to thttn :. Then let the Power to be re- 
folv'd be fubtraSed ftom .the'Sum of the given Parts (in the 
firA Column where e i^iJ^ (bmd) whicn they call the H0- 
mc^miMm Cmparationisl and let the Difference be -Vh. In 
the next Place, take ths Sam of all the Co-cfficjents of e in 
the fecond Column, to which, put = /* lafily, in the third 
Column let there be puj^wri the Sum of all the Cb-effici-^ 
ents of € e, which Sum caQ t; Then will the ^oot « ftatid 

thus in the R^im^l F^ftmk^ viz. z.:szM 4- ^ . ; aftd 

Mm ihm 



Ijom indie JrrdtUn4 Fmmi^ vkf a^bb 4 ^ r --; ■■ "* ■ , 7T ^. tf 

which MthapB it may be worth while to illtiftiate by feme 
Examplet. And inftead oFan Infirtment let this Tkl/e^ve, 
which fhews die Gene& oF the federal powers ^ 4 + e, 
and if need be, may eafily be continued &rther ; which, fb| 
its U(e^ I may xightly call a General Auijtkd ' Sfecfdum, 
The foremention'd Powers arifing from a conrihoal Mold- 
l^ication by 4 -I; e (=«) come out thus with their ad]0]^'d 

fi It I* H |i ft <^ 
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But oow, if it be ^^^ ezuK. the Table is comppsM of 
Ac fame Members, only the odd Powers of r, as «, e% e'/ 
e/ are Native, and the even Powers^ as.eSs%r'', Affir- 
Ouitive. , Alfo, let the Sum of the Co- efficients of the Side 
ep^:=s^ tne Sum of the Co-efficients of the Square rr. 
~rp the Sum of the Co-e^cient of e^ ^m, of t* zsv^ of 
€\s=i.X. of e^ s=jL &c But now, fince i:is fupposd oaty ai 
finall Part of .the Root that is to be enquir d, all the Powers 
of € wiir be much lefs than the correfpondent Powers of 4, 
and fo far the firft Hypothelis ; all the fuperior ones may be 
reje£led$ and forming a new ^Equation, by fubiUtuting^ 
d + c:=zz^ welhallhave (as was faid) +fc=:±i€i^^^« 
The following Examples will make this more clear*. 

Example I. Let the jEqiiation «.*--3**+75* 
t= I coco be proposed. For the firfl Hypothecs, let 4 st lo, 
md fo we have this jEquation ; 

+ cft = + <r4 c e 

^ss-^ioooo ^OQoe -\r 6oQee 40e' + e* 
-^ 300 60 e— 3fe 

+ 750 7S^ . ' 

— 100 00 , 

+ 4i^o — 40i5r + 5P7fe— '4oe' -\-r*==0 

The Signs -f* ^nd — -, with refped to the Quantitica i and 
eS are left as doubtful, till it be known whether e hsSNeu 
eative or Affirmative ; which Thing creates fbme Wfipdk^^ 
nnce that in ^Equations that have feveral Roots, the Htm^ 
genu Gmpdratiohis (as they term them) are oftentimes eiu 
creafed by the minute Qpandty 4, and on the contrary »* thdt 
being encreafed, tky are diminilb'd. But the Sign of c js 
determined from the Sign of the Qfiantity b. For taking a- 
way the Refilvedd fitai the Hm^imd ftrm*d of 4 ; the 
Sign of f e (and confeqtiently of nie fietailing Pasia in tbr 
Compofition of it) will always be cbntraty to tfaeSigi^of 
the DtfiereiKc h. Whence 'twOl be plain, iMrbetber it moft 
be 4* ^, or »— r ; and confequently; whether 4 be taken 
greater or l efiidian th r trut Rmt. Now the QqKitity e is 

c |i^^li~-i, when I^ and I have the fame Sig^ but 

M m a w\»n 
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when the Signs ate different, eiz ss^^ - — ~ — — f i- But 

after it is found that it will be — r, let t^e Powers r, r', 
f% &c. in the affirmative Members of the j£quation be v 
made Negative, and in the N gativc bc^made Affirmative^ 
that 15, let them be writtien with the contrary Sign. On- 
che other hand, if it be 4- < (Jet thofe foremention*d Pbwfts) 
be macje Affirmajivt in the Affirm aive, and Negative 
in the Negative Members of the iiquatbn. . ' 

' Now we have in this Example of oars, 1045:) inftcad of 
the Rcfohcrid loooc, orfc— +4^0, wheiKe it's plain, 
that a is taken greater than the Truth, and confeqaently, 
ttat 'tis **- r. Hcpce die ^Equation comes to be^ I04'>p— ^ 
4P'5*Hr"5P7'f'^4/' + «'* = icooo, Xhat is^ /^^^^ 
40i5<-f 5P7e^=ro'; and fo 450 = 4 015^ — 5 :?7'cg, ot 

ixzsc'^tee^ whofe Root r = |/ — ''^^ — ■ — -, or — ^^ 

f^ — m — ; that is, in the brefeiit Cafe, 

e-^ poo7:f-VS7^r4o6i ft^m whence we have the Ro<* 

foag}it, ^,886, which is near the Troth. , But then ftdbfti* 
^tuting d)is for 4 fsconi Soppofition, there conies 4 + ezsrK,^ 
lAofi accurately, ^,8362^3^3649$ • ^ * . ibarce exceeding dft 

Truth by 2 in the lift Fieuic, viu when ^ ^^^^ , f 

^r^^^zxf* And this (if need be) may be yet much far- 
* thcr veri^'d, by fubtracling (if it be + r) the Qjiantity 

y ^i ~'. — }% from the Root before found ; or (if it be — O 

by adding ^"•^;^: ; . * ■ to that Roof, Which Compendium 

liifo oiucb the mono valuable, in: tbat : fometimes fsocn the 
'firft- Sappofiltion' akfie, but always fiom the fcoond^ t a Man 
>ni8y comtiiife the Calculus < keeping the (kme Cc-«fficients) 
Sis &r:li94ib pleafes. It may benoted, tiiat the fois^-uieoti- 
ori'd'jEquati^n has aJfo a Negative Root^vk/^ t,ta 10,26 % • • • 
vwhicihitty pneti^atjbils ar Mind^ may 'deoprautiesQOtc. ac- 
curately. 
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kt 4s l(V Then accoxdiog to the Psdbnplof the Rnk, 

' '^ +r» s=:tf4 «4^re 

& ft ' • 'i 

That i», '^ 1000 + 3ooe + 30** + «' 

i-1700— 340f— 17«* , » ' , 

+ 540+ 54^ 
— 3$o 
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Or, — 510+ Me+iS^^ + ^'ssO 

Now, fince we have ^« ^10, it is plain, that 4 is afluined 
kfs than the Truth, and coikeqaently that e is Affirmatiire, 
An d from ( the ^uation) 510=214^^-1- 13 <% comes rsa 

r , 13 ^ ' 

winch is too imich, becaufe of 4 taken wide. Thefefei^ 
Secondly, kt 4=: 15, and by the like Way oFReafoniog we 

ItaU find e^ ^'-<^'' =l^^ .o^^V,xy,oi ^ 

oonftquenlly, t^s- 14^4068. U die OperatkD' were to be 
lepeated the third Time, the Root will be found confisnm. 
Ue to the Truth as tar as the 2$th Figuse ; hat be that it 
contented with fewer, by writing th + te^ inftead of ^ ^ or 

fiibtrading or adding ,^ • _ , to the Root before {bund, 

" • •If J* "X" ■ 

wiQ prefently obtain his End. Note^ the i^uation pcopos'4 
is not explicable by any other Root, becaufe the RtjfhtnJL 

350 is greater than the Cube of -^, or -. .. 

Example III* Let us take the iEouatipn x,«<— .80&* 
+ IP98 1^^ — 14937*+ 5000 SB* Ot wmch J>s^ Wtiii lAi 
C6^. 6a. of his Mgthru^ 10 the Refohitido of a very difficdt 
Arithmetical ProUem. whei^ by Vtudt Method^ he baa 
obtain'd die Root moft accurately \ and Mr, M^m brings 
it aUb as an Example of his Method, f§gt 21;, a6# Now 
this\£quatton Js or the Porilir which may have feveral Af- 
firmative Roots, . and (which inaeafes the Difficulty) the 
pt^ffcitnts arc very great in rclpeA of the Refiivend given. 

• But 



I Butltat it m^f ^e «te'e<fier mamgVl/let^ itlse JiviMd, 
tndiicbofdin|i;'Cb!iJhiJtitowA Rdkrof Pckting^ let »— t^^' <f ^ 
8?»' — 20?.* 4- i^x, =;:0,< (wJiMt thcQjpntky ;^ U-,^ of 
i& in the jEquation pr opos'ci) ' aha for Jhe fir A Swppofijion^ 
Utdzzi* Then 4> ^ — 5^^— 2g* rj- 4 1^ t-^ * — Al>;=o; 

*at "> 1 1 ^ S* + 2e< 5 Itencc r =2i — ^^ — ^^ — j V jg ^ 

— -2x — /^ and fo a ss 1,27; whence 'tis manifefl, that 

4 « * ■ ' . 

<t2,7 is near the troc Root of the Equation proposed. Now, 
Secondly, let ns fubpofe t == 12^7, an^ then according to the 
Diiedions of'theTablfeof Poifrefs; there arifcs' 

h ' I t H 

^ 'a^ox4,4^4«— «i>3,naeJ— 9^i7V* -^ TO,8f' — r* 
I+. 1^3970,640 4-'38709»5o »4- 3048 e* 4- 80 e^ 
— 3*^^y7j4^ — 507491a ^^t^i > «« 
4- *85^,9 + ^4937» * • 



And fd ~ 2^,65^5? i= — 52ptf;ij2f't- 82,2jtf f f, wbofif 
Sopt < (acwMfding to the Rde) a2; \ ' ■ ■ » ^ > "^ ' , cdmea 



• • • 



;_ 2648,066— V6p87686, 106022. ^' ^ o^^ . . 

cs e Icfs than the Truth. But that it may be correacd, *tif 

*. L '* rj 'J ll f *^^ 2 '"^ \OD262Ct -..•'•;* 

to be confider d, that —; ~ , or — ^ i» 

; »V:fiJ— rit. 2643,425. #.•••• 

1O0000099, and confequently tf correfibed,is =: 0^64470448. 

And if you deiire yet more Figures of the Root, from the t 

correSed, lettheK b^Aiade me ^— iflp*=:±o;4ii65602423..-i 

;uk1 / -!_*.- ^_-, — 1 . or which is ni one, 

t 

* «649;c6«—*v' 658768^,67496^97577.... 

•■■■ , ■■■ 1^ <>■'* «■ p ■■■* . L * ■■•---■*■■•■ — ■■■* ■ ■'■ ' ■■ 1 ^E2» , 

' * 82,26'. ^ 

',65 644T 79448074402 •=: e .; whence ^ + e ^ & the Root is 
molj accurately 12,75644179448074402 , •• , as t^t.Wam 
fcund in theforcmenrioiiM FT^ce ;; wher^ it may be ptferv'd, 
thsif flic Hepctition of the dUttltis docs ever triple the true 
Figures ill the aflum'd 4. which tiie firfl CorrpSion, or 



V^^ A ^^'^^ quintuple.; 'w,bi:b k.lUftf <50intt^op(Iy 

ioQt byrthe UigMtimu But 'thft oth^ CorrefKon ^ftet ite 
ftft/dotflf^Ifo doctile tbe^NulItber c^ Figures, To diat>;§ 
•cnden the MJ^btKif J altogetliet S^vei^oM ; yet the^ril Cnr- 
Itefti^ii Ji abonteilly fiift^itnt foi: Anthfnttics^l Ufer/ jfor tHe 
moftPart. • . • '•» . •;. •. . , . 

But as to what is faid concerning the Number of Phces 
rightly taken in the Root, I would have underftood fo, that 
when 4 is but V? Part diflant from the true Root, then 
the fir/i Figure is rightly aflumed ; if it be within -74^ Fart^ 
then the two firA Figures are rightly afliimed ^ if withia 
•7.^, and then the three firft are fo ; which confequently, 
managed according to pur R^ do .prefently become nine 
Figures. j>\^ \ \J \ 

It remains now that I ad J fomething concerning out 

RmiMdl FftrmtiiAj viz. t =: — : — rs which feems expeditious 

ss^tb ^ 

enough, and is not mudi inferior to the former, fince it 
will triple the ^ven Number of Places. Now, having 
form'd an ^Equation from iti.-«.i=-z^ -as befi^ce^ it will pre* 
fendy appear, whether 4 be taken greater or lefier than the 
Tratfa ; iinee tt ought ahvayi to^have a Sigh contrary to the 
Sign of the Difference of the Refolvendj and its Homogtned 

produced from 4L/ Thenfiip©ofii^^ij4-/e4-^— tfe==:o, 
the piviforis ss-^^b^ as often as i and h have the fame 
Sig^ ^ ^bqt it is sj ^^h t^ wfasn they ' binre diffeicrit o|kes. 
&ticfe^m# nioft CMi|iiodioi» for PraAsce, to write ^the 

TthmmM»f, ^ 'qr - 4* ^9 ^»^^ this Way the Hiuig isidone 

^y one MuItipUcation and two Dividons, which othcrwife 
would reqiure three M|ilt;ipl]ic«tioni^ aoci one Dit ifidm* ' 

let us tal;:e now lone. Example <»f thisMethod^ from tht 
Koot (of thie fimmentiiai'd iGquumi} 12,7 ...• , whete 

?^i<^5P — S2p6,i32f 4,8a,26«^ + 8p,a«* --•r* «kO, 

»4 fe^,^L^^^:;tfiat b, H Itfi^^s stotr foi.*o 

th 

— 5=5^96,132) 298,6559 into 82,26 (4,63875... where- 

th 
ftre the Divifbr is /-^ — a 5291,4932^ • « • • 298^6559 

(0,056441 



(0,05^441 1 -'.x^ sr ^ that i», to five true Rgiiiwr,-^ddc<I 
to the Root thUt was tJkben* ffut this F$rm$U4 caoivM: be 
qMTefited| as the fbsegoing IrnOiwd one was ; md fo if 
#)ie FigoKs of the Rqoc aie ddifsd, 'tis the beA to mafcr 
a hew SupnoHtioa, and lepeac tbe Oiedm again : And then 
a new Qppi^enr^ tripling the known Kgom of the R6o^ 
wiU abnodboitly fiiti^ eycn the mofl ScropulouSf 
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^ ADV'BkTISEMENt. 

Atltw and Comptesit TffStil^ of the Ooffrifie of Fradionsy 
Vdigar and DiQQiiml ; coataiaingiioc only all that'hath hi* 
therco been publifli'd on this Sabjefl ;. ^it aifo many^her com* 
pendiflus UuiseiaStd. A^Htatioiis of them, never be^e extant. 
Together with a compleat Managenseiit of Circulating Kum|)er% 
which is entirely Kew^anfl abfildtelytieteilary to the right ufing 
of FraAions, To which is added, »n Epitome of Duodecimals, 
and an I^ea of MeaAiring. 'The whoU is adapted to the nieaneft 
Caoacily^ and, very ^fefnt 19 /Book^-faaqiefB, Gattjgets, Sotveyors, 
anatoallPerfons whofe Bu^nefs requires Skill in Arithmeciek. 
By SUMie/ Onm, Teacher of the Mathiimaticks in LitchfieJd-^eip 
near Hiwfwt^hUtkit.*^ The ^ Editldn* Printed for f. Sintx'zt 
thtQhht in Sahthwy Co^^; W. Xfjt/offt the Sh9f^' and T^WtCrwrn 
ik the tlMhi^ in B^m^he/Str Jl^«» ' Price Ifbcuid -^ »• i 
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